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= 0 For alC N exeert £1, 
oe 
BR, = a _ sirtaist dt en =f & = Bi Sat lavty , -1 = “8 
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2A 
(c) Ae tn 230 [Sime Wyt] Cos NWot dt = 2 scawot are 


ae Sim Wet Cosnurtdt 


Tefz 


A Geib 
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A AZ Zz 2. 
= tho To L pe COSC KIT — pees ~ ey + eT Cos (#1) of 
4A 


ul 


mc l1-N?) Na O jt 2) + tees 


a) Othervucse exeert N=tl. 


2A pete 
A+; = Te Jo Sin wet cosurctdt — zn 0 Sin Wot Coswotdt =a, 


2a Tole 2A 
Ba = Tp) SEN Wet Soa Nudet dt ~ aa Sim wet ScmNwotdt 


ofz 


i) 


[e) Coe NFL, 


2s saben zA ( S. 
Sivtiwrotdt — Te Jy), Se% wetdt =0. 


Xt) > 2 AMCs 


ty 2 
Ta/2 u = A‘t 
i A BE 

Provan = Te cae = fide > Tan, 


t-NTe a 


At 
Fram tables Xn = Sinc( Nee). 


d 


ao 
Replying Pavseval's Treorew + P= X3+2 Paty LXnf* 


AS Fe Te 
(a) Pr= & . InGel 4 | + INES %=2 
ao 
4 Ps aie, Btesee oO) = . 45264 AX 
P 2 4S2e4 
Amd Se "Ge. = Cesare eo es 


(6) Pr= jo , INI 4/6 
2 


A ¥ 
= Pe qos C14 9.62820) = saqozas A” => Yip =), 0A 


_——————————————————————————— ————————eeeeeeeeeeoeywvwo®oeaeae—ea—e—eeee eS 0—_ oom 
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ce —~JfA Wot (4 tah 
(a) Ya = oe qLtyse dt = ea XC4=%2| € dt 


Change of vaviables to t= t'+ te. Then 


~ te+Te 
vie e Pipe aie ape 
KY Note Bgl sh Ca cutegrate ouey any percod. 
SS eet te 
Sich iam a Raa 
Wan YAN. Kops Sighs si 
(by ¥6tS = Aleoswot!l = Al sine wot+ a)i = A \ sin col t+ 230) 
From tables, Gor Xct) = Al sim wot! “fra y NzGyt2yer 
yiey = KC tt Va tea ais le a dtherucse | 
 Yw = Ama N20,t2 


p ts 


O o Wevwese 


A N gta 
Reale 7 sine(FZ)e a! / 


.. Wolts. 
Aly — Ae of ze ‘ 


Phase, wads 
2m 


F/¢, 


(b) The a-wmplitule Spectyv uw us 


Same 


as part CX), 


except Xo = =A: Phase has TW wll. shift. 
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(Q) Note that Hatt) can be written as 


a t- To/y -N To 
Aalt)= 2A Som Te/2 jJ-a 


- 3/0 N/2 
SC 


Xu > A sence CX) ,N#0 


KeretO. 


Awmp., wolts 


A 


-s = NU OUN LE 5 Gre 


Punse , wads 
Ww 


CR 


) Let Xf and x5 represent Fourier Coefficients of 


XKalt\) and Xe. 


rene We SLA a Ka BK einer sf «2 kn Sou 
= a Kel wedi Br heh 
pelle mnywanaih el, 
By Uniqueness his must be xe 
uate Aceiteed Ble emer n ri aie 
ry Se SA jit enn 4 os) alg 


\ 
O For N=o 


3] 


Gap 


a | A 
-J2wft 
@) XacA)= S,aen~te " dt = x4 game 
4A __, ley Naas 
| XacOl = Lectacompy] ; Ecce) = -Tan ( = 


pI XACEM , wetts 


— Aley 


fe) 
A 
Sgza lt pais ts 
(b) Xe(¢) = {vA SMa Leu erode 
cas bane E52 aml 
2” UXaceyt = Cx? 4danrey] 5 Ocey= ta’ = ) 


Magnitude plot same as part cay, phase cs “eqative 


of part (a), 


i et _jamFt a -ayt ~s2zmlt 
(cy Xece) = BEATS e dt nak Re € d+ 


2 ; Ee eR 2Ax 
= ex - yam Fo ove jame = or? 4 (Camrey . 
2A 
“ TXeCFY1 > ote cemeys 5 OCFL=0. 


Maquitude plot is Squaved of pavt (a) , sealed by VES 
ey wert —jumebt et - 12" —2Ajanef 
(d) Xace) = We ‘S em d+ -§ ne e€ dt = oy t+ C2ATGY” 


4YATIFI -Mr , Ero 
ow. ([XcON = Grey Garey A ace) = +*Tr ,F4a 


1xce\Vl 


pean S| ee TN 


tee piled if Wd 2.0 1 


ae 


@32) 


(@) Let A=t , then Squcty= Com | Kyle). 


~y inf 
FZ sqm cyt FL lime | Aare $= Lime FL a er§ = page x= Came) 


wane ait ies 


= SPREE i are) = ose 
Gj) ules ELsquer+ sh 
FZ Lev = b FZ Squrys rE FLS = neat +5 See). 
©) ULt) = Gises lt > FYucns =| Gant FL sos +z FESS Se) 


Soap wets COOe 


RED 


Enevq y Srectval density = GlE)= Vxcey\*, 


2 


: A 
Ronn Diao, 
ad Gale) = Gel) = Sty crave 


eu we nia 
Ge($= Fate Games)” i Gott) = Tet 4C2are) td” 


GaCcF) GaP) 


TN pease 1 ‘ t 
hp ah Zar nT 
om {awh t 
(@) FLXCt-tS§ = §_xct-te ie F 
Chanqe of variables x let +t'= t-te. Then 
<a ~i2mGlt'++te) ~ fatty oo Sarre t! 
FS xct-ts = {xitye Caen {xe \e d+ 


xcF) 


G3 ( Cont.) 


et 
&) Fixcatys = fo xca ie Pan 


Change of¢ variables , tet t'=at. 


Awd ety = ee a ite reste 
oF 
LD on) 


Then 


fers oa Ce, 
eee 
Bee XL¢) © d¢ Cby Change af ve.) 


Xe) 
(dd) Fine Cosiesst Se ‘e K(4) Cos ua,t © yr oon 


dt 
poop elas 
zarcE iC.) ¢ ~j2mle'sa)t 
aN RC Ck et Mee lV ay er 


Bo leak fe + XL 0 one 
(e) yce) = 
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, cyan * rm = eo 


ue xcerrdt = Goxce) uce-eydt' 


= XKCt) & uct) 
pey Ge) = 


XCF Lucers= xcey Ld seer + pure A 

(FY %.c¢t) = Ay eo ecu 

Fe KiCt) Xa Ut) $ = ES Ke v6 xEceyeit™ ty¢ us 
fx, w | Exe’ ty Ven its 


= J “xO Ke ces aa Pe 
alata cust aes 
Mice) e XeCC)" 


x, Ce-€') 


ED 


a €t./e 
TEL xXict-toy = FIXEcct- BTS = i 


Te Excet)s (Cre) 
Rc cleyee 
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2A 
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( Cont.) 


(b) Osing the vesults of prob. 2.28 


X.CEY= ZAE sinc ach + ASsine TF 


j / ~J2AF Me : 
sem Sete e J= janase? sine’tl , 


X20) > AAsime te Le a 


(Cc) X.ct) = A fe L Sctet) 4 S044 tr) — Sb t-tr) - $C4- DI] dt 
A jum et pur Re ~smWPO _szwle 
XC) = Fane Le’ 4e -e€ salsa zy 


A 
= are Lscm zero 4 sim mfed = 2A sinc 20% + AX sine CR. 


X.lth = A fo L scteds - 2808) + $Ct-t)) dt 


A J2wFS -s2a€% J2a 
2. X20€) = Game LE ae ~2] is =e sce Wee 


= L2N% SCNC WER Sim WlR. 
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1X, ¢CE ST 


2AT 
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Re 
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Ket) = AWC) cos amet abst + AL- W2)] cos amet 
uu —_ ae 
“ A®& SAS Dn Casein sime GR ya 
= SC 6-fe-ale) + $ $0046. 406) ESUC-Fe) + E SCE +E) 
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Che. 
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; -4 ITE ~ {U7 
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So, Fixwer#mrry§ = 25 sinc’ scuc SF 
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S(e-2- 2) 
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—ikt—i2) ; 
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(lent) 
The resulf ts 
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eee ih ae Mee poem) atl 
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SCC. Tar cs acce mayo losA el Ge 
mvlhiplye vg De e- 27 $¢te 
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(a) XCtV =A nr (4) Cas wart. 

FL AM( 2ty¢ = At sine BF 4 “F ices wet & =+$cCe@-€.) 4+ ESCR4F) . 

Apely imq the multcplication theorem. and $- Function 

SC Ftemg property qQwes 

XCF) = a [scene SC0-€.) + Sine S (eae |= Re [seme 3(E-1) 4 Sime’ (E41)] 
1 


pxceyt ° LAr 
ay hase tp eS 
y 


-30. -Fe €e 


R 2+ 
(ey qeev= 2 WC AD) 4 Cos 2uset) 
Super posttronw and Pavt La) que 


AT. AT ri 
yet) a sine 20 + a’ Lise $0¢-20)4 sine BCOLICe 


XG 
ATo/y 
-40. tao Ce ¢ 
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C) Y-Wave Rec. Cosine = EUV = Z_ Xlt-mTe) 
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ne: N is 
Fi euny =< 2 om Xn) Scr- ale 
AT rae) 

From part ca) Xx¢ a = Sra L Sine Te ( S- sf) eG ete (% +t) 
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BE ising (es) Some Ue 


A 
a Lsine (82) + seme SHYT ce- me) . 


uv 


og 
Roe ee hardy = 
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i) 


4) 


GD 


(ay FZ wl) = tsinele. “FE W( FS = 2T sime 2FR. 
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ces) X.C+\ & Keck) Ky LEN RXal t) 
Ww — 
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Yylt) na 3 Gees Frequency side Lobes Tian MEC 
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Crom tevo To MOK CWUW value, 


QF) 


Bua iw 20 sa 
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2.43) ( Cont.) 


w 
ie Azar F? ae or wf ae \\ =~ 
SN — ———— = 
Eolw) = i Teta camey a of Sh Cupar At Ne) Fe § chats lw C= 2Rr 
~w a 1 
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Riw 2 
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GD 


XL4\) peviodie 


To 
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ee 2 7 
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and cas periodic 
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Q4D ( Cont.) 


Ve Gin d 2Sce) > Let) Pe) <Rtas Wy Cos see divas eee 

2% © 
PCty= 20 ALR) amd:  PiMe Ah Senet 2 -Reecee 
Then Mpa Eqn. 2-S¢S° Quses 
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a eS 
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a eae v. 
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fo) PaaS => 
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-Te net Te {= 
, : c Fy Tes 
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Met4eh 


To 
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Riz icy 24, Te 
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en Im —Te ae To 
Rr! Bh Yast T 


And es perisdic Mm Toe. 
ad) Reply ans Equ. 2-ss; 
ar $a 
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ZB ( cont) 


Te e ¢ 


(Cc) Since Xecty= A-tact) we can write 


Te To 
te. tie 
Relt) = +e fs Ae(t) XglttBMdt = TG S LA- tactdJ On - Xpceary) dt 
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ne Te t To 
= Te So acer tnt tery de t Fs S.A atid + Te SOM taltatide +49, vty 
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hee d yet) es dact) 
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Brome vee) ae Reyes 5, SOO ie 
t 


= be KOE) 4 Ceuabf xbe. Aan Yo. 


t 
-at +' ~at 
“ yet) = bxct) + Ce-abye ve KLtVE dt’ + we 


: eae 
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pach Sabb x es : 
@) V= R+iamwer’ —F HWEF)= Rejawee ~ 14 GPO, | Fs = za. 
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Ly if : R So Gace 
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Cah? ieee 20 efit y ; 
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vespomse Cuversely Propertcoual to F. 


Gs) A,4+j; 27 5h 


ce) fest) SRS Se ee 
Ms f4 C5 Rt @r1€jG 20 Sl 


By Jo ws DPVisrous 


R 
(s)= OS A ita “eaten oe Sa 
46 4 Here ety ee 
/ R, +k 
Tt Rah Fe eae ee aCe 
Cera pt te 
Thvs x, — (ft@y2 
Alt)z A(#t)— ar ee ult) 
/HC4) 
(Wc5) I 
Pasping MAA Ld {ces 
F 
op 
R, 
Ub) 
roe ee, 527 SL Re 
a3 2,05) eee 
Thos * 24 - 
As) Zig ld) trey eeen cl a eee 
foie (Pil) Ry JAE 


pawsl Re 

OR, (ReejewSh ye jz Hee 
ygergl KEES 

£, Rr +< jewSl(44,+LR.) 


Rz cus 5 
Rte R, Rr ‘ots 


ppetevein eo 


5] 


Zs (Cont. ) oy peg Arve sScoon. 


( 
Hl) = Ae iin TES ae rome 
L(@,+R:) ? 
2 Rar 
The o Riek = Baan 
2 — 
Alt)= Z, ¢fer [s 2 LR, +R) 
ei / #5) 

}H(S))] x 


Ret NG Eae 


Rtv 


52 


QD 


PR EEION, ~ inmlT 
WACEV= 149 /eg , XCFY= AT sinclT-e 


. ‘ ia CT 
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U 
a Ses somlt— 3 )+ Sees lzon (One 
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+ O.0O285$ cos 600076 
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Note GPU y WE ASSUME Cz ze 2R. 
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xcr) 
2.5 
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For bandpass map Conn all Gut GG) and ©) are 
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Félteved ovt 
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Ue, ltd= Ae’ [1/4 2 cos (2u$m4) + Zces C4rb$mut) 


+ 3 ces Lion gut)| cosergt 
wilt j= reas co $s Zee ; 
a ZA. Coe 2a Moen) Ge a4. cos err, )t 
+ taba a: 27(5,+25,)E+ ZAR cos 20 ($225, JE 
a 4 
+ $A cos 2 LSet S5m)b€ ZL cos 22 SE IE 


we shall Praw Yue sag le- sihed yocetrur 


(Xe C5) Ae 
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GY KLE = wety + Cos act 

4qrty = 2Kct) + NXE) = ZEmC+t) + cos ewe tt + 4 Cmca + Cased. 
= 2m) +2 Cos worct + 4 MmAUt) + Bmceey cos uct + 4 costuxct 
= 24 2m) +4 MACE) + 2 Cos 2wt+ BME Cos Wet t 2005 Het 

(6) Note that ch bandwidth of mits cs Ww , then 


bandwidth of wecty cs 2W hecause 


Fe wtcen$ = Fi mengePFmny., 


vcr) 


ilter 


PBL as pe weds 


-<—--=- o_o 


Da Component 
mee) 
Fine ays 


ay 
———_— — — 


w aw e 


Ci ha. 
( Center freq. BU Vit vem= ve) Bascd wed 2w) 


(CY qcty= 2 Cos Uct + BS wit) Cos wet = 8 Ya be auc) | Cos uct 
M 
For wod. indey = O11, Yy =O.) => Mt O02, 


(d) Weéth this (mplementatcon , a high quality mult cpliier 


ts "Oo Conger meeded. 


The vequived Ei gure is on Khe Colle ws ONY Prpxe.- 
For lower sideband Hier, = 2 Lsquctate) - squdf-fey] 


Sie Hult) = t- Hice) = 1+ 2 SqxCF-Cc) - % Sqm CF4 6c) 3 
Xusel) = Hull) Xosgie) = Lis t Sqn U6 C)-$ Sqn lOeG La Pc MUEsCe) + tncmce-F.)) 


= HAcLacesh)+ MC) Pe LMC aE Sqm CE-4Ce)- MAUE-FY Sau (F-C.)] 
SO 
FL Ya Re MRL) Sim et § 


a Xousp ct) = ual Remltdcos Wit - Ye he At (t) stn wet 


80 


\- Hic¢e) =Hy Ce) 


Xusel€) 


GD 


DeCine the output of Ssumwmer as acts. Then 
ycr) = 2NVCt)Cosusct — 2 Ky CH Stun wct 
= yes malt) Cosukt + Ac Ma CA) Sim wet J Cos wet 
“e \i Re met) Cosurct + Ac Wect) Simuctd Stinwact 
rae v ay t ' A 
= ZRc mit) + ZAc MLE) Cos 2wet + Ae M64) sim QUct 


aw 
— Re meersim 2Wet — | Ae ML4) + EA Tact) Cos 2k 


——~_F-—S’ 


Yo Acmet) 
See GEN Ac mer) a High Freq. tecws. 


Amd So Ynlt) = Remet). 


8] 


YLtd = ZX_elEtY Cos wet + 2 Xplt) Sim Wet 
= Vine AMALt) Cos wet + Ac ML) Sin wet J Cos wet 
+ FE Re metry cos wet $+ Ac Me) Simerct J simusrct 
= zAc Mit) + FAe MEE) Cos 2wet $$ Ac MLE) Sim 2Uct 


’ 1 ei n rn 
+ ZAcM LE) Sim 2Zuet + ZT Ac MCE) WE Ac MUL) COS ZwWet 
ee Ne ES 


—E Re mit) Cos 2wet —L Remit) Ac MLD Smrwet 


= Ac mit) => No Folte ving requived, 


Note: The puvpese of Prohs. S/Z and ByGis to que 
additional practice t~m~ man ipulating Hcl bert 


Trans Govms, 


Gd 
a aA Tag ol 


Uces = A2MelLt) Cos tct — AN elt) Sim Usrct 


= Lee MALAY Cos Wet —-Re MLE) Sin wet | Cos wt 
~- TL Re mee Cos wet — Ne MLA Simurct) sin Wee 
os 5 Remit) + = Ac ML) Cos 2uct - + Ne MA Ce) Sim Qurct® 
— pe ML) sim Quek 4 EACLE - ERc MICOS 2wet 


— 


= Ac met) Cos 2wet — Ac MLL) Scn2uwet. 

Since lt) Comtarcus “Wes basehand components, 
Ye lty cs ciden tie ally evo, 

Note that we haven't dewmedulated) hut 
stilt have an USB <iqral centered at a 


Cavrier freq. oF 2@c, 
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G® 


Ycts = ZXelt) Cos Wet + Ze t) sin Wet a where 
Net) = Ye Ne mit) cos wet + ZAe MLE) Sim Wet. 
f Glth= Ae mety 4 2 Ac mee) Cos 2uct + Re MC) Site Bet 
+ > Ac mee} sintunt = + tA Mets — Ac Hit) Cos 2urct 
Mand i ee i 


“A . 
-' Rewmityeos 2uct -ERewmeey AAC MCL) Sim 2k 


J Gplth = yet) =O. 


Gid) 


The message siqual mt) 


CS assumed A power Seqrat. 

The power cm Ac met) Cosmet Co <Aemicty Cos Wet 7 , 

LF mets és lowpass with respect fo We then 

LAE wlet) costuwet? = TACK weCH? 4 TAL K<w2Le)7< cos 2 wet? 
= ‘a Re < whLty7. 

AHIR Sse this signal with an Weal sidehand Cilter 

re moves Ya Cort ee: siq~al spectrum which cs 

Symmetric about the cavvier ) and thus vweduces the 

Power buy Ya. Thus, the power cm the SSB 

5q nal Cs Me AE < mec 7. 

Neyt we Cind the time - average power of the phase 


SbiFt modulated siqnal. 


Pavg. = S Die te meticos wet t 2 Ac see GLY Scale tele 


4 


2 n 
= yRe < meV costuct? + TACK weedy sintuwrct 7 
+ SAT < meey WC) Sim wet Cos Wit 


— 


1 
= GALL wrayer + EMS mercty> + EAR K mee ects 


ape lighfL cee CENT 


_———————— eee 


Xamit) = Ac LA+ mets] Merry = J) Kamlt) Cos wet 


Orr 
Kosg Ct) = Ac met) Mesect) Cos wet 
co 


J Hwet 
Medel switch as pas RT ed where we ™Ma.4 
W=-G@o 


Clink OF. switch as unity periodic pulse 


train of ge duty Cy cle descved. 


oo {nwt 
Switch output = yet) = Keled z Sne 
For DSB: 
Ylts = Xosg lt) Cosuct Sere eee: | 
= RKosglt) pwT ie eee Ley er ance Figgas ESE 
: : aa : 
= Xeselt) L Sy Sermtan cre eC + Xosplt) syemenr 
where Sa + ho)! bey. Gel, Cae have ee + 


Out pot of Ccltey = ‘lous pass portun of yt) = LES yct$. 


AS LP? 464) 3 = Xpse Ct) = Ae mt), 
For AWM 


As above ibe Le 2 yet) 4 = Xam ce) = A. C Atmcey 


us hich Cov uo De Coupling se (ues Ae anct\, 


Gin 


The Ds¥e Siqmal is qtuew ny 


wm C(t) = ( Aw Cos Int) { Ac sou erect) 


'] 


ZAmAe Sin coptWe)t +e Amie Si Loses walt 


Thus Cov a Ed = Xa lty= ¢. Aw Ne Soy fe. 47a) +t 


ee ay US as %e(ty = SAK Ac Sait ped: ye 


Note tit C3.23) amd C3, an\ Can not be used 


Since the deviuation assumed that the 
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GiD (Cornt.) 


DsB Signal was CGN ned es cel aR Carrey 
Ort ee Cay ann CLt) = K cas wet. » Plots 
of Kelt) are SMe tal we ee Pyoy 


Keck), USE 


Net), + SB 


Ac RU-O 
Kecty= 2 Cos Louw t+] sept Sra iben 9 [Ceteer ye +2,) 


+ = Cos Lo We +We2yt +O.) 
Multiply ing Kect) by Ycosuxt gqrues 
gcer= Re cosL C2usce-w)t 4b] + Re cos Lu,t-G1 
+ ACI-€) cosLl2we+w,)t+e, I + AC-6 cos Ls, t4+O] 
+ BcosL(2uctunst+62.) + BeosLwit+erd . 
Lowpass por tren of yet) = LP % yeas. 
2702 4cer$ = Ne Cos( ca, t-A) hear yaa B ces (ew.t +@2), 
+1 #2 #3 
Noting that Awplitude of terw#S cs the same 
as baseband, terms tl and #2 must add so that 
at w, we have awplitude A. Thus = -9P. 
This qives 
LPLqcts$ = A cos (ey, t +O) + Beos( wit+e.) 


eu Or 
A cos cv, (t+ @,)+ B Cos cn bt + te 
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€ Cont) 


: , QO Oa. 
For ~‘o distortion we Vequine ww, > Wr, 
Wir Cr 
Thus GB, - uk = 3 wy, p 


Ake qeneval , Phase AC a eM ee OA and 


have epee syu™“m ay aN Boeke le Corey 


as a Caer Ssh 


We shatl assume WALAV Ia Ne lt Con Aad 


amity = A cos wit 4+ B eos writ. 
Then Yet) : the VSR modulated wauefarw is 
Xe ity = FAC Cos( wt) 4 + Aud Cos( we tw,)t + 4B Cas (we t+Wr\t, 


ek yl) = receued waveform + Carviey = Kelty 4+ K Gos wet, 
Thus 5 


Re 
qity= % LCosuct cosurt +Sinact sinwt] 


Aci-€) 
To) betes Lice? WetCos ant — Sim uct Sim wt) 
is 5 
a ics (cos Wet Cos wt - Siw Wet Siw wt | 
+K cos wet. 
ee CEN =) 4, Ct) Coscct + Y2Ct) Sinmurct 
A B 
where att») = Fcosw,t + FCosert +K 
Y2tt) = CA ==) Simw,t — n Serica 
The ernve lope detectov Output cs RC), 
fore ne ay ie lavge ce Pa,ctyt. 
A 8 
2. Ys it) = we AS 2S pao Sa Eee ie BS Ky 


USN Yor mo be Sr Rets 4n (+t) cS aA replica 


AN va as ae Et ed Sigral. 


Desive 4 
Signal 


hocal 


Ose. 
W,-— Wy, 


Sigual at 
Miter 
Cutput 


ZW, - ode Ww 
W r= Wr, 


Image 
Siqual 
20, - és, = 2 Wye - WwW, 


Image 
Sigma l 
at Mixey 
Sutpu oe 
Sur, -2 ww, 


CED eae Aga - sr he Seas eS: Us Od 
Y4e Veal ose llator CLS i ver ee as 
S: hai Fs a wr ere s: cs yqge jnput 
Ce fuakeba iio he Yous Yne ratro on 


ee ae REA S 
Gt Sere 
whe re Site cs the oe a Sre4Z ace 
on 11 e- 
RK 
Sire R 
JPRS 
o, + bil T- ine a 
0.6 bir a nn 
1.0 LYS 
2,0 ay aed 
3.0 1, 33 re 
Oo 40 eee fe il 43 


See (MH) 


G.2D Fre (3.50) anQ (3.57) yre PEN an 
table. es cons fruceZref. 


Zaput Local 


Image 
FER sare a Oser/latom Freguency, 
$e fro Sot Fre ng $,= Fi: +252 
1470 1G FO ZYOO 


[#70 (eG SBO 
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Sevly. 
Ke Cos L wet + Kp wm 

= c 

Gz2d Xect\ = 


mi) 


ee 
te 
Ac Cos wert 
Re 
oAk 
XeLt), Wy 4 
+t 
te 
(Nh 
Xe lt), — Wy a 
tAc 
Xo 
=Ac 


Kelt) - 1 


~Ac 


89 


Gap 


Considey” Xect)= Cas (wet + Pisin Coiba’ Wieteal nike 
expressed as the Fouvier Series 


of 


Xect) = 2B LICR) cos Cet +N Wedd. 
Several cases of interest arise: 
Dit heve i ts aw imteqer Kk Sick thease) costs. Kel! 
a. cR™ is lavge Sale Ale tee De 8 Vi ae 
L. B cay sewnelLasan, tChaky og C8 xo) 
DtaMitere (its! pre. sK wes W 2 Chast Cele Kian: 


For Case 1 the magnitude spectvum of elt) is 


> 


Xelt) 


Fov Case 1a there ¢s a Component at be 

but Gor Case 1b this DC component is revo. 
For Case 2 herve will be no Component at 
ces ey 

Note that RK must be such thet the 

Senta tare Meqatwe portion appearin 

at revo Frequency Qids the positive portion. 
Meet ivcsn da ipiacved,, CA) auaunes. |) Kult sspnewean! 
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G2s) 


+ 
Kecty = Ac Cash eke Ke (2 Cos Sart dt 3 


Peak Frequency deviation =" Ca WAL L mcsy d, 
; 32 
B = Peak Frequency deviation => Cas = a =kG 


Only (ke Components at Ce, Ce es la, Cot Bhe are 


passed, 
2 ; = 
Ris Tcayaeen2 yea} 


= Comqa. vice 2(0.23s5) + 2( 0.113)" = Ost CC 


Psisev cout OG Cilxker = 100 Pe = 16.S7 watts. 


= loo Tt Cov ost 22 


206 TT Cor pees 
PLe) i rads 
200 TT: 
ran , 2 z Ci Sees: 
ae =!) 
(by ae decastiaw = dt = 1900 TT ae 
: rads. aie C4 “mlb, We. 
CesSee 
(C\ From plots : Peak ved. Deviation = So ha. 
@) Pean Phase Deotatron = Jos Ww vads. 


(EY Ave vage ‘Powerv is inde pendent a € mad. = tne =8Zo0 w. 
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The foArre di ta es 


fe) = 27 $2 ‘ parece Daa ZO Goo) De 


21Lteo) 


ees 


Devira tio J 


(RaQ) 


Phase 


27 (100) a a hae: 
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once Blt)=27$0 (ore) Qe 


ke U 2 ftt/) 
(aa? hee 2IF 3: ag 

“A AT ey es Ls 
anrd® PA CEN = te aie gd, 
m, Lt? 


7 Cee ti, Ocys <<} 


es PL Aa hee ficeps-t, 2. 
ani GE es ait 226 <3 
fala Lei >) 344 


2 : 
pay ye ms (t) = rapes at g, key We Aa ve. 


a APES NE £/ Bie Ne ee ae 

G, (= KB = 2 OT 

G, lt)= 2oré” 

my, ltl=" pa LOW (24) 


Ey oe 
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GBD Cerne.) 


y 
j= or [OP LEE Ke m, Lt) = JO Ne Nate 


léde k, (3-4)" 
Cf Jer KS (3-2) :yor 


Ce ah ki COE 


For 2fet & 


AR 


m, (t= a (07 (2) (2) 


ae Gs) 


Be ge ANS RITES ore a Che OH 


94 


InGy{ 224) 1597 1353 2529. —-- 034 


UJ eiakts oliree Cunc trons 
ave indicated bq height 


Md 


Icoe 
ee 7s Che 


(cy) This ts) not marvousband FM because Components 
above Clty Cal iad Soe oes ay Sag Contain significant 
power. 


VO BS. kph =P) Ze KpeN St Kea 


& 
Xelt) = Re Cos Tweet + Ke if mance dg] 


Prt) 
malt = AcCos wt + Beos Writ 
t 
s, Pred = Ke iy LA cos w,t + Beosuntidt 
AKe Bke 
= Wy siment 4+ Wr SH AP ha 
Ake Ake 
Deline 8. = Ww, > Q, “= I>. 


jw t IB, simu,t 1 Basin wit 
Vhesw ett) = Ree nee sa ec $ 


i » i Bi cas ost 
We Can express e* Nt lier a? ; e as the. 
oo : na > 
it Sk wat 
Fourier Series Z. Tee CB,) Pnits 2 a i) e re 
M= -00 ) Kr>-o0 


Then Kit) can be expressed as 
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CCont.) 


7 Rone St <i inant ue 
Merty= Re A. € "2 Trigve a Fath |e 


~=-<0 


Sik — on J (We tno, 4 Kw) t 
= Re 3 Ac 2 Ix (8,) ol, (Be) was 


co 


co 
on ae es TARY de (Re) Cos Cad hos Ken NS | 


Mz -Co K=-Go 


Wwe IS Kha , Marx CLruer] = S, ts= 2 Cdbanw 


wheve 


D= Ca Max Luce /w = os 
cis D B 

(4s 30 G.01 3o.3 Kha 

(by 300 0.16 323 Khe 

{C) 3000 J.o £0 kre 

(4) 30000 10.0 330 Khe 
Gd 
From Eqn. 3.83% 

Me Ct = Ac rola yas COs (wet H Wm dt 
Be ce Eat EW gk a a» ag pains 4) 
From Eqn. 3.89: 
Ske CEN Re ARS 
x we rae ook CB eaeeys i Gimds 16 

Pacis Bean ae 


Se ed 
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Gab 


Frem if of ee 


s(n«-fsa¥) 
YUAN ae TAS e oe 
ie -(psine-new) 
u x) 
20 reas hx 
= 
Thus es 
hi 
Tn (f= te) cos Cairne te 
he ia Sen Uasing-na dx 
=r 


fae st nary peat os In Lf) cs 2€%2 
Ssenc’e Ytte Z ‘ate grand cs an Peek 


Se Oita ank ¥he LimecFs ane 
PRR ENA EIT Zhu s 


a8 J=- & Aa cos l Son ae ade 
TE i 2T De @ [2 
Ora ae. rne snteg rank 2S evexrt 


rr 
Z 


Tp (ps= # Seostssn n-ne) Be 


Gib eo 


fren fhe reviouvs ney Pope 
Gs ir os 


Jn UA = Sp § eos( 8 ser -ux)Ar 


ww, th Pie © IS we Nave 


DCA + Seesfesinura)- nr -2)| 1) 82 
= ae res 2)- nr+na| Qa 


nee sion li7- 4) =—- S/n ( Rte) = Sau yi 


oF 


(JentAa ve. = 

any She $e feos[fsrn 2ena-nw]ha 
Since cos(“4 trv) =tos 1 Cos VW = sunt sanv 
with MAIN 2ZeNRA arnQ went 


Ww tHevw 


—_ 


ae LA) Can be 
Tn B)= 4) coslAsmarnad) cos (an) dD 


itGae 


a = Jasin Asin a aa2) sin latr) AA 
“J 
Pera tin ie) O an. cos Cntr YaPl-1) Aus 


Titre i) ef costs send enzyar 


but TING) ett Sees) cena +nA)NA 


jae re to roan ae 


wAr ca cs aca Win 
| dpe ro (A) cH G1.) Jy (A) 


(ayn teain ie gl ome g Revratronw = 8 (1e)= Be 


(ob) GPlt)= 27 (8) az cos (2ZOTXKI AK 
=/@7 (16) pe si 20wt 
= Bos C2oret) 
an2® the peak value cof Zt) 
cs B rab. 
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(ie) 74e rn he a pf os He feree 
paase DEeviall enw. 7uvs = s 


ars p- Peale Fre gvenc Dev. 


a 
me ee 
Ned alte bree 
(2) Fhe Power at whe pf Srev~ fapel 
es P= $A*= £ (te) = so Watts 
(e) 
jhe spectrum af ythe fi Sher 
ja pul Bets Gers -s‘hel ) 
Ban pass of 
Lea tains ret, 
l I 
t ! 
j 
| 
| 
| ) 
aor : -$ 
Sa7n8 OS) Qs 9 
os gy PSRSSEST ES COS ee 
V isin Ls 


AnplteRe ot 
component S= 


/05,C8) 


(cont.) 


priter eefprt Aollous. 


Jue senelé 3,doed spectra at “Ge 


ixoC <> 
9 
: Tk a ie 
8 
8 
We necad ore ide le te $4 e Ouse f— 


Catto, for {Pre Sel ter use. $OW 
cnder /s- The PaANMeje COS 


[= Se OO 7a raat CEI pina LOO 

SOO. ; 
aAanQ yt e Fister Sanhrs; XD YQ cs 
RS C1OT tS y rhe $irst G components 
each sc Re of fue Carrier Ave. 


PTE POM SEE Thus 


Ps G te TAD 
im SelB > S C7) O ©, 300 | 
fuse I - 06,0047 
shay Ae celia oe 2 Wises ef 
Cpa Rede ae See) ee ae | ie 3 ers: 
the fable &s at re ght of OST 
User Ye valves tw 
Whe “fable PaO S 476 a O.3778 
anQ ?P,= (2000)(0.8 476) e 0.339] 


mt AO iin Watts 


100 


Fe 


= (9.0 


Cm ISo He. B=10 P= os 
Ey ea Groyei2 re Tio) 
=) G246)i4 2¢.cna) 4 20 .assl 4/2 (.058)> gene 
+ 20,234)" 4+ 2C.ovyf4 20. a> 
Pe yet 


Tue Se K=T and sa Lamdundith = 2. iC 2.1 K He. 
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Gs 


Rove rosa evo the deviation requirement. 
20 
Dovt = N-Din => N= 01 = 200. 


Thus, Ge aut => N.- SS im = 2ool loo khe) = 246 Mhe, 
The mixer produces Sum and dillerence 
Crequencies a ae Bo Mha ov 120 Mh2, 
The bandpass Ritter is centered at & = Ja0 Mha. 


Ss bandwidth = 2Cpe Dw = Zio Khe | 


ECE) : 
XeCFY > Re d2amCl + Goarec - 


\ 


€Ce\ 
~~ (LS Pe, Oe SGT ey ee ee u 
| aeA 4 lis (aah Re are ah udJhere ee ars a Cex Ro. 


-4 ay ie 
Fov R= lor gay olla’ ~ C=10 i t= Ka) and Catt 19 


ECE) __— 
—ee — z Ya 
we | Xvced | dia tah (amt-seed J where Fis in Mha. 


Ew) / 
| Xwce) 


we ~ GO Khe 


Bes ° 
Kp > 1.0 X10 rad in Se he Max Freq. deviant Cowes eG Kha. 
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G4D 


From Prob 3.40, the tvausCer Function of the 
met work is 


\ 


ECF) OT 
! cls Vy u 
| Mel EY | ie Li Came hte ad ‘ where Ss R ’ TeRC. 


Note that He vesonant peak occurs at Co 
where heat feu et Oe =O => Cp: erie : 
Also, the <swallev the unlue of R, the mare 
peaked the vesponse. 


As a Rivst attempt , Cet Cp= 75 Mha. Then Les Heya” 


Let R= BOE tS regen & Qs beeteaer C . Therac 


Oana Vs ares WS x16 " and 
Ect) | . . 
TP RES] =) 1d x 
Xv) Whe Coonr F - ner Va Tae where F is im loo Mla. 


Examination of this tvansler Functoow reveals 
(Rat the Ccneat region ts) much too Cav absve. 


so Whe. 
Seo Let JAC Gomhze . Then LC = pe: 


d 


Let R= to L= iar : C= Teas, Then t= ice es TKI8. 


Then 


} 
| Ect) 


pace sf, \. 
Keely bed ee Con fe 5 s 


cikere C..25 (eee 


This Cunctrion és putted Ge loi 
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GaD C Cont.) 


ec) 
Vo | Xycel Z 


Kp 7= iy iss w/he, 


¢; KoTas} Whe. 


Note a OO the re CS AG UMique Solutcon ta 
. this prob Cem . Im Cact : wnaann values of Poe Gat 
Could be used aud these tiwe coustants Can 


| be arrived at by eet a Component values. 


GD 


Frow Example =AG & 


HCe) = dam RC 
i+ sam RO 


eoadetie WO . ot cs 4g OW RO CEG AR § be appre timated 
HCE) Ss) Lime RO. 


Using ike quasi - steady -~ state approx- 
(wration . 
j2m(Co4+ eae) Re 


i 


HUCe tet) 
| Jina df) Re 


II 
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G4D ( Cont.) 


the enue lope cs 


wade SNE Ray Se if) Re 


and will be the approximate output 


aFayree [iecte meceiue Cone tee. atone ce 


ae PCI oi Rone al are 


Ass Umin Os ee) 


Coup ( at Sa that Ekle aI eee eS) mponewt, 
Re Ute 


X US Cee 


id 
tf uke Sard 2 eee es Pa RE mca . 


Thus ‘ we have an aLAA' discrimi nator 


cui Ch K nei sue oo uka Co Pee his is... the? Saree, 


Wes avlt alitattocd: reve Exawple ON 


GD 


ati 
(ay Pct) = AKe i Cl tet oie eer ERO 
A Ky Ke 
Os) = stts4ks) - Laplace Se teen Cee Ae 


Ques 
i ~Ket ~Kt Gee 
Blt) = A Ke Re RE Cee ieee i years = Ake (t+ +L 5 ut), 
aus —Ket 
Twe phase exrror = rab (t)-SQt) = R tcl Gee (1-e€ \J uct). 


ie a caer K,=! \ the Follows ing plot Us obtained. 


2AKe 
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hore) (Ce 21.) 
(5) Feow part (a) , Che Preise tle wrov ice 
dit) ~-ect)y= A vad ice Be Sun eal 
The WOK OWA > hase ervey dcecuvs For 
Se ase ia and co Ake/Ke. Thus, 
=> IOA Ke. 


Giteryad. Ware oy Kes 
Ke, 


The VlO Gain virus Co rrila cme dian 


GD 
have 


A cos Wact werd 


With wey = 
rs 
K 
dcty = Ake (cos act dt = ae a. ROS ea Chath 
= fh Ke ran 
® Cs\ ee pae | S'emune 


phase et ine VCO out put es 


The 
K+ { 

cs aaa K SS Se ee 

Pcsy + Ky Fake Ke (54 Ke)Cs% wi.) 


Cenc bale SKPAMS oar! 


Ls C oat part cal 


26 otk ge aseeiks 
(S+ Kt) SW) ~ Se Ky RS Tid 
to Were 
4 
Ky, = Ke tween 
— Sh we se Ss K 
{ eaee Ckas+ Ks)Cs +4 14) 
Soe ira band . 
Wi Pia gpa me Ke Shit. Coe oho Ks) 5 4 Kz Rt 
Soa thot 
Svat | Ia 
ie K3- Ko + UWSaor 
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(ic eee) | 


Thus 
AKe Ke Jot _ Ss Ke 
@Ecs)= Ket wh Lote <u + Sty wd, 
so thot 
A Ke Ke [T Ket Ds: i 
Oit)> Kit we LOS — COS tdmt + Ke See unt) 


From C2623) the VCO impat Siqmal ss 
UR = 9 
ey CAS hed 
which cS 


A Ke Ke 


EF Ce)\i= = 
C Ky (KE 4 


~Ket 
ZT 5K ic + San Sim Cont + Ry Peis ult) 


yl Geet ten? && Ohis 7 eptesscc— co 
tvawsiert wvesponse. TOE vans lavge, only 
tte, it ey ian as net gitg MEO ee ACso, Cor 
lavge Ke, Kit WR ~ KE) Se ( Ra eee 


ateadinie state Vespoms @ es 


ce, Ct\y x= Ake Ke [Ke Coswmt| uct) 
Ke Ky 


Ke 
= eK A Cos Wat t>o 


which is prepertional te oat) ee 
ts” the desived, demodutot<! loutpataeeaeee 
Cha 0 te! © Evan en Ut ved on 
deviation constants dave equal Cans 


ey (ty) ~ wert), 
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The Costes’ Putoodtsunllagtated Mm Fig. ale a he 


The output aCretie. es \emaultiolter’ .<s 

matt) Cos We 182. <ois (uset4e)| = mE) CosO +™ek) Cos(1wet +0) 
gq “that CKe output of the lowpass Cel tey 
ts) Mtl Cos. SANA OE SO SE CR 
quadvature murltiplen cs 

MALE) Cos wort LX s¢m(uktsGy i= mel scno + Mt) sen (duxtso) 
So (hat the output of the Gupass Cilter 
Css WAAL Sow Ore TL We multipli cat cow 


WM*CLKYS €OSs6 Sind 
yields WAM 4) Serie ei as, indicated, Note 
thot doc Ch Aaesunned cmpul w(t) Cos Wet 
BEAL Bastien. VCO autpot ZCas Ccset+ 8), 
fie pase Jevrev) ts ..o Ct). Thus , he 
me ka Vide Cane tink 


ie d¢ 
Pe akin hy rey ey. 
Simec<e ei SV Meer ape aan dota RE OREN og Se phase 


Plame 
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GPS in Gerne) 


5 : 

Arnce yhe De rarecszectron vs ov aw 
portion wi FA neganive slope, ¥4e po2en & 77 
co Me rfable poorer: ag poornt us rhe 
leep fecks worft 


Fere passe aud SS vene 


“wlt)= 
Aices 205 t 


Bandpass 
Fri/ter 


C,ile2 
=A,cos 2 ($)5t 


The fundamental of the VCO osutput Aas 

Se gC ote S/= 5 rae The spectrom of fre 
Vco output consests of components 
separatek b Z So eweFh envelope sina «$F, 
the center frepuencd 4 yhe fiite- vs ZS, 
anR the bandwidth of the F'/Pe- v's 


App rexcomatel Ez fe ne Age below. 


ee) Bc 
FS, lter 
Pass ban 
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G49 


Con Ae 
cep wally , Qa system Cae Convey tim 


PW mM te 
} PAW Can be ence ea as Shown, 


Kewmlet) 


+ 2T 3T 4T st 


K, ety 


Xr) 
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GHD eos) 


The cmteg voter Catiine Le eters Listed: hg Us SH 
a capac Clovis alone, Ci aitck capact for, 

wilt) = e (ity dt 
Multiplication Sy the pulse train can be 


realized 2 Saba the capaci Tov voltage, 
Thus, tice. S Canple Ciweuit CS 


Mw CE) =iCCey 


& 


Switch cbs as na a Seer wi 3 
Closes at 

Bed ant lh be ib Closed Gov nEtst saT, 
res tavt 


(wteqvar oan 
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G4E 


Let (he peak — To- peak value of the data 
Siqnal be A. Since toe Makinuw Ppeack- te -~peak 
error cS Aig of A, 0.02 A, the Mmaxcmuwm 
Rid teal. a quam titration level» és O.0O2 A. 
Thas the requived nmumbete of quantization 
Revels cs 

Ay) N 

602A°>> "So <4 2 


Thus we let J=6 


cay rete ques 3 =67 


2) iil fever 


Nie Gaius Che tS * esti ated on 
C 3.169) 


BA 2w loq,4 = 2C4xik)e = 4eKte. 


Note: See wert Pproblew. 


Let the maximum error be AA, where A is the 


peak - te - peak value of the messag € siqral : 
Thus, the allowalole peak- to - Peak eEvvor cs 
2a” A, and the Winimum number af A UAW - 


tirxation levels is 


abu 
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GP (Cont) 


The  wmarximun evvov (5 AA assumin 
Chatuva: quantization Ceuel cs decoded by 
BS Sioa Tuer Saswiple) Ges Wists 
center of a level. 
The ward Lewgth N is qienw by 
Ne loq2 ZY 

where CN) is the smnatlest mteqer Greater 
Khan ov equal te Gq, 20. The bandwidth 
Cs) BVO wo CSF) 

Bx 2WEN1 = 2wl0 lqiagel 


3 ia 
aR ae L beg a sd 


This cS ple (reid: Gelaw kite O.0] <Az 4 bates 


B/zw 


19 


G.1 To t To 10%, 100%, A 


Note. For A= 1% , b= Fo AP hn BARE iB gach pes oS tie 


Preucaus problew. 
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Type Advantages Disad uantages 


PAW |Very easy to rmplement}We will show in 
He Gillate, Cottele |e tarmci: Chak PAM: 
and demodulator Coufhas poor noise 
pass Pilter), Synchvoni-|perCormance at high 


gation is not required, Stqval- to - moise vatig 


Pwm [simple denedulators [Tre madulat 
( oupass Gilters). Syn-|more comp 
Civetnsetion des ote || Vow 
veq uived. We will see 
cn Chey, G that Pww 


has qood moise pervov-mane 


PPM 


“PCM 
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mltde Bsrn 27 Ueyt ¢« ¥€ 362 27 (20)t 


a (2077) cos 2O7Tt F 4 (£OT) co s Lore 


|= come [GOT 


Tip 


GD 


Assume that the Sammpling Comma; uteatow 
votates at a Crequency ofa2w Hasek 
Nyquist vate at 2B dite pd oleh ey 

ae lables s 


Siq mal Bamduidth |Sarnples 
| a _| [oF malty | per vey. 


SEE 22S avg aoe sid a4 RRP BOE OTL ae g 
Khe bawd wid th of TDK, Stqnal cs Jaw 
Omid ithe Amurmber* of ) Caomanuktor 

povece “nmuety” be att Gene 19: 


a he: Comanutator leo k up [5S Rees! es Uy w 


below. 


aay (ty 
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CH 


@) The wmadulation is... assumed te) haGneneeee 
spect vum 


LCF) a RA LUPY RGF) 
° e 
1S K He. IS KHe 


We've assumed the phase of LU), RE) ero 
So Enck we can add the spectra. The 
base band Sp ectv UM CS: 


ISKHe 19 Kee 23KH SBK Ha SSK t 


() The’ vecewer Can be (mp lemerted as Showa 


below. 


Xv (t) 


Lury ~ vty 


Rit) «() 


+ 
Pcty-veey 2 Lit) 
+ 
Qctyevery 
cf 2tt) 
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GSP (Cont) 


(Cc) For Canverntional FM , Simply Cowpass 
Colter, Ke lt) toh pes i Taltns: Rl4ay +* Ne EW 


(A) By Cavsonts rule Bb SS 2 (pt) WwW. 


Thos 
Fovr stevea: w= S3KH? — B= GSC. 
Foy non-Steveo! We isktHa-e B=190 Ki. 


Note: I+ ts elear Crom this Problen Uucd the 
deviation vatio should, Cor most applications 
Ger vreduced when uti lining st eveop honic 
trans Wission, 

For  Commernvcial Fm bvoadcastin the 
allowable peak Freq wenc deviation ¢s ISKHe 
for ecthey Nonsteresephonic or sfereaphonic 
appltcattons, Thus Cee monsteres phonic. 
agplicat ions Dos 15 KH /15 K He Sr) Goh led 
Cov Ste ve ophonic APPlications BS 6 < have 
DSS Ha /S 2 Kabab de 


GSD 


The single-sided gpectruwn COv Cen CGS 
xcF) 


7 


Ut) = A KEL) +4 Qy Kt) 


Scmuce 
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ED Cems) 


and 
YCFY = A,XCEY 4 Q.r XCP)¥ XC) 
Che Spectrum af GCty es 
YC) 
a, 
2a,w 
aw 


F.-f, ¢, c) 26, Cues 2e, t 


Dewmodulation can be a problem simce Ch ma 
be dcfhicalt to Ciltev) ‘the odesived Stqnals 
Crone ties Siqrals resulting Cyore ies 
et oo tna Ma Pist ike we: Siqmals Awe 
Cmcluded in Kit) the problem becomes 
Worse, 

ee dietCrculty eel ha vmomicatly related 
Cabewi ews 5 isthat upasttioa wet at the Specter 
ETT UCN crept! lap. This can be Seen 
CKamining tKe spectvuw of VIR) dvawn 
above “aiken Fre oC) Fay Chee coe 
Che distortion snectwun cosckevel oe 
Cu Ca akon wee tle exactly on tep of the 


de siwed: Spectvunw ceuterwed at Q.. 


ec_Ke080oeRua}°—0wa$®_=wamwaua@mo9@amaRa9a9aauSumU9a 


CHAPTER 4 PROBABILITY AND RANDOM VARIABLES 


GD 


Consider events A,B wi uc Ceca lly exeluscve axd Frown 


Sample Space 5, 


Aa Na Wa 
) PLA) = lim N NazO,N70 so N29 axd PA) 209, 
N-pas 
A 


Nona + Nag +Nap 
Mag t Nag +Nap - ( 
(3) PCA+B) = Cine B82 ie Be, Nag = Na, Nag =e 
pao 


NatNe Na Ne 
Nae ye, So PcA+B) = dim N = (eee A tiki Ur oot) 
ad tore Al-poe N->oo 
= Pla) + PCB). 


G2 


Fasstble outcomes ave: (1) Dime chosen (2) Necke( chose. 


Let A= selection of nickel, B= selection of dime. 


combinations of 
Then S= Sawple space Composed of all’ coinS an 


R,B ave exhaustwe awh mutually exclesewe - 


Z is” 
PCA) = Se PCB) = Yo 


’ 


cS 


St sawple <pace is the collection of the 26 pares. 


Let Re — the event that pointer steps ou! Pes part. 
Then Ai ave ev haustwe Ep | wheat A erxcluswe. 
PGAs) ei ae. 


o 
(ay Plodd no.) = PC A+t Ast+...+Aiq) = a 


(6) PC Aa\z 20, 
' 2 
(Cc) PCAs + Aa)= Due eyed as 


(d) PC “No. less thas 12) ea od A, + Aart... Aw = 


zo, 
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ED a g 


@) A+B= (AB)+B 

Also, AB awd B ave 

WU tually exclusue . 

So PCA+B8) = PC AB+B) = PLAB) +PlB) 

= PLAB) + PCB) + PLAR) - PLAB) = P(A) + PAB) + PLB) - PLABY 
mut uacle excluscue 


= POCAB +AB) 4 PLBY- PLAB) = PLAC B+R)J + PLR) - PLAB) 


eens 


= P(ra)+ Ple\ - PCAB) > 


bY By multiple application of part (a): 

PU n+B+e) = PL a+ CB+e)1 = Pla) + PCB+el - PLAC Brc)l 

= PCA)+ PCB) + Pile) — PCBc) ~ Pl AB+ AC) 

= PCA\ 4 Pw) 4+ Plc) — PlBc) an PLaR) + PCAc) - PL cagy(Berl $ 
= Pray + PCB) + PCO- Pie) —~PCAB) -PCAac) + PLAC). 
Gs) 


@) het Az event a King ow Ferst draw 


B= event a King Gua reee oud. eval 


3 4 IZ! ps ee 
Then PCaB)= PCBsaA\) PCAI= BS SzZ= 20s2 2Z\ 


(5) (Lee Ais event) Vay face! gach dindivacs: 
Bi= event a pack om co d vacua, 


Them PCA,Bl+ BA's PCA, B.S + PCB,AL) 

ies ED ts eres Ratti Pe eee 663 
= PCBIA,) PCA) + PLAL/B,) PCB,) = a 52 ter'ezt 2052 

(Cc) het Aa oe leven te al hNeavt on Cet id valcon 


ia is {Se \ 
P(CA,Ar) = PCALSA,) PCA, = She S 2 ee 2 LF, 
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Gs) ( Cont.) 


(i) het Wiz event an ace on t® draw, 


Bez levemt ia clubianr cf a veux! 2 


Then PL A, But BAL) = PC A,B.) +PC 3, A.) axe PL aye Ae) 


= PLA,B2(68,+B\] 4+ Plea. (Arn) 
= PUA, BB. + A, BBe) + PLA, B,A2 +A, B Ar) 
=e Oh iG .B.) +P CA, S, By) 4 PCA, B, As) t5P0 AB Re) 
fay oO 
- PLA, 8876, 8, B.) iS P(A,B, BCBS, Aa) 
= PCB. /A,8,) PCA,B,) + PCB. /A,B,) PCA, Bd 


+ PCA2/a,B,) PLALB,) + PCAA/A,B) POM B,) 


rea Lares = cS aL ede) epg YI 
peat stat ASit yrs Gt usin 2h ters) iy Saune 26s! 


26 


Am alternate Cand Conceptua( Lea 
approach te this ype problew is Tite 
oem oe (Reo hy ee diag yaw. Teves 
diaqvaw ts lhavewsed Vaneau besrhunta 
Viqht. Waite = eta te OU teow eS ty okt. 
The proba bility of tyq ve Vscn a 
ents a. atiee ue Caper ON eee he tiNlts con! 
alow side Che Lvamch. Branches that 
lead te SA cialy eine chascley ec crciMnncT Mineiro Le 
Moewe cus Ee Mathews awe, | SroKew) limes: 
erate AN probability of success (S 
Computed by nui plying the probabilities 
along fach! oath |. aneens Sh these 
toqe thew . Whe tvee bag van CoN tts 


eprvob lew ey eA Ot RMR lic es echt Ol hCavaicen neta: 
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Gs > ( Cont.) 


Sywmbo ( A denote 3 Ace 


PC A/s\) = PCA). 


Multéplycng by PCB) qwes PC A/B) PLB) = 
By Bayes' Thyw 


PCA) PCB) 


PCA/B) PCB) = PLAB)= PCB/A)PCAY. Thus 


PCB/R)P(A) = PLAYPLBS = PLB/A\ = PLR\. 


() 


PCA.A2) = PLA) PCA) ) PLA, &s) = PCA PCAr) 

PCAAY) = PCA) PLA) | PC AL Rs) = PCRz) PLAS) 

PCA Ay) = PLA) PLAN, PCR AY) = PCRS) PLAS) 

PCA, Az As) = PLA.) PLAL) PLAS) | PL Ar As Ay) = OL Aa) PL As) PLAY) 
PLA: As By) = PCA, PCAs) PLAY), PCALA Ay)= PLA,) PLA2) PCA) 


PCA: Az As Au) = PCR.) PCAr) PAS) PCAY). 
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@) Note that Arc= A,(ALt ALY = AAL+A AL. and AAr, 
A, Av ave mutua (ly exclusive. 

Thus PCA) = PLAC A+ AL) 1 = PLA AL+AAd) = PLAA:) + PLAA) 
J POCA, AL)= PCA.) - PCA, AL) = PCASLI- Paes] = PCA.) PCA) 

(6) PCA = PLA, CAr+Ar) J = PCA Ax) + PCA, Ar) 


Baro A, Ar) = PCA) -PCA,) PCA.) = PCA.) ia = Par] = PLA,) PLAL) ; 


A,S mu tua liy Crcluscve > PLA/RB) =P(BIR) = O. 


A, statistica a cudependent => PLB/A)= PLB), PLA/B) =PLA). 


ce PCA) = PLB\ co. 


Gis) 


Let first event be A, second event be ®&. 


Evamined PCB/A\. PlBiA)= PLB) > independeuce. 
26 


@y PlBray=1 + PLB) = Sr ,. Not cud. 
C 
(6) PlerAy= OF PCR) = HO. NOt cud. 
ee ZG 
(Syme BSA) sy. St PCRS = Sy Iud. 
y 
¢) PCBIR) =1 # PRY = Te Not cud, 
PCA) = I-PCAY= 0.5, PUB/A) = I- PCR/AY= 0.1, PCR/AY= I- PLRIA) = 0.1 


PCBY= PCAB) + PCAB) = PCRIAYPLAY + PLB/A)YPLA) = 0.5 


PC BY= 1- pl B= 6.5 " 
PCB) PLA) PC & /ny PCA) 


Pc AIR) = PLB = Ory , PCRS) = PLR) rae} 
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Gud 


het Ro be the event student passes quiz. 
1x9 be the event student studied. 
PLAIBY= o.4 ©) PlAIB)='0.2') PCB)= 0.6 


PCBY= [- PCBV=0.4 


PCAY= PCARB)+ PLAB) ~ PCA/B) PLB) +PCA/B) PCB) = 6.62 


PCR/B\ PLB) 
VEBiA) Urs oetaya” Geo 


Gs) 


(a) Comm puta tions im the order entered inte table: 


SIPUALIY a OP lad = C.2 

PCA,)=Z PLA, BE) SD PLA, ,BI= G05 
PCBY= 2 PCAL,B) > PLAs,B,\= 0 
PCAs) = 2 PLAS, Bd PCRs, Bal =0-2 
PLBs) = 2 PCA Bs) > PCAc, Bs) = 0.05 
PCAL)= SPC, Bi) > PCA, B.)= oy 
PCB.) = 2 PCA IS.) PCB) 20.6 


Pi Pa, B.) 
(SS. PCB As) = Poe ae! 
PCA,, B3) 
PCA./Bs)= —~pee,) = 6:17 
PCA, ,B,) 


PCB/A.) = —pran = Oz 
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F tx) . 
Each $-Function has weeg Wt oll 
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Gud 


@Q@ Cixi zo VK and Veet Naa any =P Pty tes" tan 

(b) Ferra vx bet Sittwdysco > Cory cs not a pedis 
20 c 

Limit x te X20, Frxl=o0 otherwise. Then fo Genvdx = *) 


If ceey , then COX)d is a pdf. 


<8 ' oo 
cy (fond + me ee al = 1, om és pdt 


(CQ Digera ic. alien 


(6) ITs mot a 2.d.¢. because cs not continuous From vight. 


em » Kzo 


{Q) By imspee tro Cin +4 O \otheruxse , Lecause 
Oxy (%, 4) te) Cala teva ble: 
et ,yz0 
(b)\ Fy Cy) = fs » Otherwise, 
q 5 ie - x “4 
Fy ly) = nie Cy GA dee Ser Jere (6h 7) are 


oO »>44O 


(Q) X,Y are independent blLeeause Pxy Guy) Cac teste qwe 


~x ~Y 
26 are 
Fx Lx) = ioe » Xz : Cope | = ike (sib 
oO » x<Oo (oy ) y 4° > 
where A,A. siete Also, 1a ati deel =>) a= 


GS X,Y ave not (udependent because Cimits aon XK ave 
Q Fumetcon of y gs that Cxy (4,4) ts wot Gacterable 


cmto Cevms dependimne solel On X and solely ou yt 
=| 4 Jian 
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aya 


Oa 3 
@y i= Ua 10 Exy (x,y) dx dy = tk V.ccrenyrdacdy = 4acdce ea 
2.0 0.5) 


z-o 
[eink us Co,Sie2-0)\ = eR HB Ci4xyddudy = §, ag (54.15 y)dy 
ws 


ik , 2.0 
= 4a OC. Sy 4 =z qr) |. = 0 2C0Y, 


(<) as Ox 2.5 


rl 


Lf 
Caving toes = "ae Ci42zz) ot X43, 


(d) Cary Cxry) = xy ¢ %)y) = ve (i4x«4) be Ky 
Vee Coy Cwyddx aa ty 3+Y, 4 
ee Cxry C€X%/ 422.0) = tex ; 


G22) 


co oo 
=A. 
(ay Cid = Lao Pay Cuyrdy = {xe e*4ay 


fe of XK 
ray 


sjrere tl 


(J 


Se Re 
= 
RY cgr= eee tad ewe tT dy 
! ao es fue 
winerabe [oxen td lye “| ae , {20 
Oo , a*e 


(Oy) Thetvaviahles jave dependent because Cry Cus gy Fa Oey). 


G23) 


V4) = X cos wt + Ysium wt = Kees wt + Y cos C(wt+ MH) 


SER Ke Ey Vea i, ean Red toe eNVicl ens 


ID get y, 
Re 3 Vxtayvr ee’ Ruusweme ) Gir tac) 


tl 


Wl 


K cos (wt +0) » where R= Vxtey? 

re 
R= adxq = Vxtsy? » Or BRlx,y) = Tan (x) 
X= a; CR, 9) = Ricas 6), ,-¥ = 4-'(R,O) = R sine . 
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0%, 9) 2% a% : 
Sm Cos @) -Rscn 
Sluy,v) R +2 he = 
re X 
aR -v-) Sin O Rcose 
3 ¢ ( ‘ C al%,y) 
ee RO r,9 = Ce s) >¢ ) =~ 
xy »Y ayy x 2 q) ‘( R,e) 
4= 9r' C Re) 7k 
are “see Ricos*S - aoe R scvta : = Ce 
= 2zarozRC e = save eke 


where RQ ean take on the values Rio | dt@een 


R -£l%ey 
Thus, Cate) = ete Sis 


t 
C3060) = 2m 8 ere ty, 


e) 


qeq ee xs Cage #Vy. 


na A £4) EWN U pana ea) a 
Barly pill >40'Ly) -! 
Oey ieiitiea J ge errr = 2Nq. Then 
24 e) >45'¢q) 
Fycyd = tf (x) | 34 | Veieee ys + Cen 34 | eee qx") 
be el/o* vies ele” 
20 + Via ag © 


— 


A 


zrery © Maa ON 


First Consider the vaudom vaviahle Zax , -cotK soo. 
: ~4 Glas) 
Then ot 4) = Viaqmart«* fae yr Zee , 
Be Zo ‘ 
Now Y= Le , 2a ~ Plyso)= Plesal= A. 


U -E(tlacyY 
anrate* ie a| Ox 


BN SAAB Wed PES aaa 


d 


TINO ym a wort cane, Appears cn the p-d.f. of Y bheeaunse 


X<O maps imto Y=Q So That PlLy=oa) is Senite. 


ED 


Ca) Note hel Yue trans; forme tren 


tS 
single valve Q. an ryonefencc. 
XM 
S045. de Ce) | De 
race a Bal, ts 
A x Caer 7s 
By ~ 3 
/ se oes a - %% 
ay ks Petes z $ | “3 
> aa 
is \ fag 
pree 
Cb) + 0 
ae As Note that 


SS aay aay aay yee =O FeO 
—c- Pac ¥E Mt Ay 


Bea Y sen fp he [darn keine. 


ti) iit & X ser Dc} 


even, 


P2-s2-Qy < He -wc fe PiJeexes ee dxt 
TOV $ 


ar le A ica x PZxe<K extrOe} 
7. 
my (4s) = £ Sele) a | 


Irnce Sha) ies 


ee yt 
y= d he A¥ font st ls mguGe 
¢ a 
CEM 


iF cyd= 22a a — ea 
yd aa hee) Paes 
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2D 


pe 2 
Gee Jy by = Sxlx) | Be, | ay ae 
—(¥-MI fre? ; 
Fyl4)= aor Gu 3 4/3 fe v5 
monk me laa Wr ‘ 


sy" aw Gy 
Cb) pth wieige e we have, fer each 


valve of Fu Tio valves “i 22, 


denote® Waa Ao mt 


Se ihe 


an Ker net 


Py saat cere a cera tat cis 


+ P3x,e KS ELF Dr 
SPECIE D WS pc CHAS dere 

abort rere Yhe 
Ss hard sre 


Ove not egual. 


symme trroe | 


Srxo ferns on Yte 


of Ge above egvationw, 


Syeg)~ 5, 0%) | 


< ( 


ank en et we have 


1a 


ED (eo) 
- Ce m) Jog ri (y= m) foot 
in creel oi ae: 
Sy (4) = $ete)| Z| 
¢ eden Chalk 

BL a at ( Were RSL YS ee 

pb de Bear ¢ Bi avg 
Thu $ 


Ca) Az7oO SNe Selx)J»%O 
@o of (3) 
Vo a -bie«l z ~bbY¥ 
us $y lx) Dx afe Ax 2a fe Qx 
= ae >bx ‘a = A 
GAN Tova eal (UN tae 7a re 


Favs 2A=6b wate 4et b7 © 


Ze 


Se ies 2A 
Cine A ss \ye aes 


—oO 


Note that the iS Goa ‘s od2, Avs E{X}=O 


A 


Es Zn 2 ~ biel 
Mee cl py nkea apn § fy. ci 
-©<o 
eo Cte poh is, 
= A> ae hen “fe.= bj aio ae 
Oo bo bo 
Re Ory alerts | Pash 
cap) bos: os ia nie 
i 
Se) une DEUT Eo} 
a b 7 — bo 
(a) fe \ Rel eee Aha )eu ee a 
Thus A=b 


% 
tb) File) = b ) er te Bip ee Flee 
© 


Fre Coa) on bpd Ped ght 
eee 


ye eeu 
Te ee co, Aa ie 
aS 
ceyedxi= 5 Vume @"ao-b) 2 cme 
3 hg bo ede ls 
ai teed Wetiet haat <p 
» £E 289 = eee 


C2) To Retervmine Yee VA, Q@nuce o}+ X 
WE nee®R EB xt 


133 


preblen 


We can vse Me rese/ts 


of Fhe Pee vrou"s 
wrth b= Ff, Za 
pore blem Wwe 


aAn& Gass 


Y4he Cah he ade J 
found Fe Cx)= [1t- & © (ure) 


Tae 
ne atte ¥) aa 
C2) Filaé)= j- aren = ©.798| 
< « ai - 
(b) Protex co, Bt = (\- regs ba hie ees) 
z Ler el Py = 
rat as anh wad = O./6lf 
2 1 
C) Ge = Get oie + 


Nace { Efex 
Fe 7) (2a0o~ fe 
wry Fate BIBT we have 
£ix* t= 20 a 
zs (4 (Zo) (zn o- Ca yor de 
i w+ = 
== Z aa) A Ge #9 


eo 
a 2 - N31 Ss (2N=1) 
FRESE TSR [HBS oe CRT) gee 


Cw) Ef suai aaa 


“co eee ee 
2a2Q even fo oa ee 
Srace  yhe 'unke raw 2 us oD E 3 Se rat © 
C*¥, aa xo > oO 
Fey ¢ } o, othe ruséc Pi 
Cag 1S 2 sel ies = LEXY ESV ~$ by) in dee enkence 
Me ce ~-Z2x { 
Keith ese mee mule adi at ag ee 
ey 5 Y“h = COAL: pn 


PIT SNES ESCO 73 = 
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G33) C Comt.) 


co 60 
OY pry = LL Cx-2 Gy iheven gs day 
From Pare oo . Xe ee Vig tp Thus 


2Xt4) 


pe, PCN Gy arora cine 


26 Lxy- nee eC Tdxdy 


2 hs yetdy a (x- nye heh 2S, e tdy Cae ve vee 
= Ho Cy ede BANG eC Tho = fg Si Oe 


G3 


= Yo ( Ney> 


2 
Cer’ = se & Re ee War 
{ on ~ 4. (4teye fe: 
ELxX3 = et Os ws bee Loa 9; dx = © Ss Geaucd integral fables. 
“ag 


Eieye oe & iets race , Using change of 
vaviables cweltk 9 = 4 ae qwes 

eae ee see Gan qe tet dy = 26* Crom integral tables, 
EZCx-KYS = CXx3-E72xR = KC y-m)yc?. 


CES 


EZ23= ELxX+RQ= CXxXR+ ELRS. 


Fram prob, 4.297, EZ XQ=0. From prob. 4.34, ER: {Eo, 
ie ay 23 = Jt Co. 


(AY EXZZP= EBX +Xe4...4 XS = CEKS54 CLS 4 tl EXuS = NM. 
COVES TS = fis) Cree ey He OG Fk eee AS 

N N a 
= EL2X%%$+ ef Zz X2Xi $+... + £2 Z Xu Kis 


ECAP Pei 4B) es he Ca ah Phin CEP 
pee Ba Ae elt fotolia aches 


N-2 of these 
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€ Cont.) 


oo EVZ= 2420 4 CN-2VC142P) = N4+(WN-IN2P. 


Var(ey= Ef 2°3- E27 £23 = N4+20n-P- CNMY , 


GD 


Comsider the vandew variables Uand Vi where cr V 


ave cunde pendent Gaussian with zeve mean and 
Variance <>*, De Cone Kine uals 
os) edie SU FPPC a me q,¢u,v) ‘ Nish Las 9r.fu,v). 


Note that VavCX\= Vardys= o* and X,Y ave Gaussian, 


The joint deuscty Cry (4g) Can be Found: 


yer q, (OX, 9) = Sire Ve qr 6x, y)= Vi-e L%-ey]. 


ay ve ra) \ 
ecu) J See tte 2 1 
UGG ayy ee 2 Nie See ae es Pane gre 
he | 2 24 rae ope I-p 
na Ge (x, 4) = Per ee 5S zor ( wv) p 
Vices 2a? aie (9. O44) 
, re groan 


‘ 2 
cai ERM Gee ee ( x= 2e%4 +4") 
= aave*Tr-et G. ; 


Tha <t X,Y are eq uiva lent to the vaxndow variables 


in problem statement, 
Pays oie S| Ceci Vices V) one Mean oe 


Re Céovve latcow coef Eccéient, 


See Yhe selrtion b& pce blem LSE Fhe. 


preprse oF Preblen F38B es t% 
Phe cond tien Rens, Ft Bite ie ailein) cede]: 
Condketonal mean an” varrance. The. 
PvTpese oF Froblem FSF 5 GH reenfoeree. 
a pundanmenta/ propel of 4 f4vshsan rv 


calculate. 
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Bre b Skeet 
@) My Civ) = Ejeewre : Si etwas < dx 


e ive & bt Siveb sb 
= ie xe dx+ )e" ze dx 


4 ( Civays+ (s Dive Civ-5\% Ls b* 
eo 


he 2 veh ~co + 2 jv-b ow oe Ge 


. Mx a gin 
(b) E 3 x3 ea a oe Veq0 So rs b (Gevt) ain es = Oo 
: = aE Mx ail oe 
EZx*S =(¢-j) are ban = 2° Cuts) be ° + aev (-3) Cover | 


(ce) OF course Me results apree. wrfh these. ot Frweb. F2,, 
oo 


Facay= Frexd  Pycg = Jo fla-ehyiarde, 


~. =*% =2 
Fxcx) = € "uc , Cyeyys 26 1 ucy) 


- “2% Seem -% -2 
sa Facay= 5 ec ieaen Be \ CHD tie desire Jaro 
o 


F204) 


3.5 
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o 4X3] “ ,oS44%2 


J 
creel © , otherwise , Cydy)= i » oThe ruse 


Zx-X+y 


co 


Foc ay= Fxcaix Cy Cy) = i Cx (4-u) Fyludda. Graphically ; 


The vesu lting p-d. ¢. cs shown below. 


€2.03) 
6.5 
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ED | (0 by) 
2 


Oo 4S LS 25 ¥ a | o 


¢ 


Sled- $$, la) S, Canale 


STS pi) 
res we $y CA) 
2-25 2-2.5 . ~( 2) rn 
There are Three cases fe conser 
Ears ene lire BONES, any 
SES S2(2)= ©O 
Ce SE ee CO Sy val an.2Q Z-2.5 <-f 
2-0.S5 
-~2(2+1) 
2)= all 
PACE isn dres: CEES a2 


aid Seah aia ic 
=z C/-e J, 5 5 Stay 


e— 
Case Ws 


mH —- 25 = — |] = | me ee 
2-2.S° m2 CAE) . 
$,@)= if ea 2 2 
Z- 2S 


a ra -2(é-us) -~r-(2-0.5) 
e*(#%)le ie ) 


—-2(2-ts) -2C%+85) 
Le (ee 


i 


}] 
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G42 (Cont) 


To Refermene. SS z 23 oy ees oF eascest 
tom ware LS rt Gly eA ue he GS dares 


~2¢4 +1) 


ys] | \h2'e Dy Bg clay 


24 wis: | 
= (Ze) eae Geg-\ Sm es 


The $ 
Pe ne i OD See O 


CED - ¥ 7/16 j ae /2Ua) 


/ 
Sx) oa (767 Cc = (axle Ce, 


Thes Ke cS Bere tinmjeant Oat 8 Soan hor OS 


Pea ed 
a) SME VES LO EE KY = GP bS 
Be sty Yee 50 oe o~.t 
Y hepsi mI \ 5 | i eiites 
¢ ¢ x= 42 - 
Thus 


oi RL ei /e (tC 
id Ot eae Ta 
~by-2)/2C712) 
sveprason sara { Oi 
VY 21772) 
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G45) 


Ce ¢ Q) Gy inspection 


LILY = rs oy" = 72. 
ELD S30 pete Deh = ec ae 
or 


EEY3s £2 24 26 s-i2} esis 


= 27.¢€-08 


= 2 


Cray) Fae eee ore ee 


7@ 


SEF ES FIZECEXN EC Fee 


tI 


fi 


FYr/2lo)e 9(8) 
Ef fF = NE 


Gy SRY Ns Crys 
eo rae b 
Ca) “A, Gr) = J Slee” Axe = ea e 
-@0 


T+ Descre&, 


the Ferm oF 
( b) 


a Ser) ce. 


b-& pele Cans 


ao 
a 1a 


ra, jv) Can be jolaced cw 


F unetlee we, 


Mie bs ard 
Fox Veni) 2 Ale ie Ware 


Wp AE ae 


ey hs [== pen aett )-(e eee 
= ae RTE ST fe A RR A A RE 


i 


thar both the numerater an2 yhe 


Jj (lea) art 


No te 


henomnaler —» Dumas 


w- —~ ©. UP Ya 
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GHP) (Cant) 


Ving Hrospctal 5 


rule yrel(hs 
ots se it (-b*) mete ee tle tiie 25s VaR 
as aa LU e” + be Saget s 
jpva i . ‘ 
ae Tove e” -3 eine a tee 
V=O 
ae of 


Ca+tb)Ca-b) 
TEES A ae a haw xrerapia SS 


G4D 


11 AAA SY ae Perea 


=-aSve eo ~(a-juje 


- a. 
Laas 
AMelyvd -al-s) | By 
(wv) Dorel eT Gan os = ays 
BEM Li Vd -jAC2)(a-jv)(-y) eS 
ile IS) ERR Cte) Neer ae me oY) rem 5 aoc 
av- Ca-ju)Ft ELEN, 
AM Uj vd ae bs 
- 2 ae % ae e = ge oe psa He 
iin arp a Seret ea pea 
& AM Liv) be a bal * 
E3x' te ci) Qa = mati 2 F-+- > 
ven (a-jv pa a eG 
Checle e f 
nm -4P 
Foi = § x Sledae = J ae Ole 


~h 
ites ao. Py Be rt € Ay 
{ n ! 
Tv § oa : a 
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nA K m-K 
Binomial : PR) = Cape (1-P) . 
' ~ (K-"p) /2npdi-P) 


Laplace Approy.: Pie) = V2 HPU-PY Cc 


(mpy* -"p 


Foissom appvox: PLK)= K! C wheve k= 0,1,2,...". 


PCK) Functions ave diserete, 


bLcmeS AVC used Coy 
Clavity. 
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v7 


<7) 
Pizsec 4 heads in 8 fesses ae Pe(e) 
4 a Bak ' Ra g 
F(a [the S18) 
23 
=[5¢+7°|sa- FE-0+688 


= Sek tek: % Ne 
fl= BE a Ga fc 21, mb BO (3s ee) 
naz 86 Ca)= 40, me 40 Gait 
ho a 
eee ty Ae On 
BS / 
PP? 330K cups = 5 Cc Bi Pa 
( re 
ri so 
x - 
ea rie, 
a 
2 -—2 
1 
Pizo4Ke 40k Bee ye ge ee ONE 
Ou fs hee Apres 
o Le } ee 
<. ak fei Tatty 
oO 


pA ! 
EA Wee 


gers (2 )= fers (f)-0488 


one = (26)(r5)l24)(23) 


(a2) 
Vp = (2G eo 
= a8 CoO 


See Ste ir ee 


us i 
Mp = (2) 
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{ Ca pals 


nN; 
Ca) PA CK) = iceinot rd 6 (chat shit —— 2=/O 
Pi Sewer than 3 Heads tn 10 Fosses) 
z feof / 70 
* ve easy Cz) 
age It ie)! 
ka: ¥S ee + cs eer (-§ 4)" 
ed ehyat ) © fig 2/8! <= 


Se 


= Aree + ZS} SIG =the 


mrt fe pee” Ry obit A 


~CK-1p) /2 64 
Cb) Pale) = ue 
aK Bic /E(s)Cs) = 


rly 


P 3 Sewer than 7 beaks tn 0 fosse sf 


“7 Lika 300 5° 
= 2 CO em 
Keo 
} _s -—/1efs" OO PA 
= Pr ine roy e tec ( 
i dine yas) tS, oz 


o,Oo S¥7-O0e537 
(ed Pereent Error = "9, ois 


(ie) 
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@.sD 


This cs bimomial with Prd, nz 10% Approxrimate using 
Poisson, 

(wPey* _me 368 
Pacey * it At. = K¢ 


Palo} = .368) Prdry> .368, Paced: 184 
> ( Two or less eveors) = ©4197 and 


PO Move than two evrovs) = 1- .919T = 1.0903, 


oo 4 
-sau © Pio u-b) a 


fo +) 
(ay Note that wires BF et duzVNa Cov Gro, 


bet az CX- Mall» We Cy-mylléy , K= Lan 6&6 Viet] 
Then xy (x. 4h= K exe L- Za (ut- zea +v?)). 

Co mple ting the Baas on Vv Qwes 

Cxy (mye K BEE Bae SOT Ara PPT AR JexeL-47) | 
Substituting we Cyu-m ql Sy qQwes 

Oxy Ca, g) = K expe(-i ue) exel 2a-mep Cy- wy - 2pusy) ee 
Cece) = = Cay (xydy = Kexe su’) Geren PSE H(y-my-2euey) Jdy 


: ' _ ft Cx-m4Y 
VG-pez 20 Kexpi-tu) = Chine 


PUREE 


tl 
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G.s2) Cessct'\ 


The p.d.f, of Y Can be Cound Cw a Semilay Coss Katou 


(6) Fevst Feud the moment generating Function of X. 
ee rs twee 72 (CES) 

M x Civ = eeu ie re se * d 

mi MM x 


be Hep aoe . 1 2 z 1 Mx 
= \ivewat evel ives © Met ae r- eee 
co 


‘ 2 2 
~zMx/ Ke 


1 
ieee ene teh xo en 2 ave eee 


Caceres Che Square an X qiues 

Mx ( iv) = ie Vea exeL-i vty gv) exe iat (am aay dd 
Using or ee ere a RS gives 

Mxdivy= ere Laivm,- 2ev?). 

EixZ= -j Mx Civ) | 
EB Ex'8 ey Cay CI S) hal ete 


Vavrew a EL x73 - Gs KE os. . 


v=o ee 


The Same procedure can be used ta Find the 


States tics) (ot awy; 


() 


oo art K eo t 
(a) I= VEC Nay = Vie eye daz = Kita’ | KT => Kz Wr. 
- ire . 
(VERS a) Ae ec dee x GO because wena ts odd, 


og ' 
oo 


i Piers oy El 
Ex} = ) ao une A ttl ties 1 Kite Kole =e ae 
j 2 gated De 2: oe 
= 2 14x? 1x =f aextdy > 2 +25) Shy Soo. 
aod 
; Eee Vales pst eet: 
(C) My Civ) = Se NR are ai cia 
ao 
Gil 1 Cos x ise +t jsinvx <s Cos v-% 
aid eels TG) ack Ef dx Se “in +r Kop Raa hinges JE yak dx 
~ivl 


(Ovo imt eq ral tables). 


~jv-2 U Cha ~ive ~Nivl 


(d) Fads) = reyes AM Civ; ).e dv = un 


ee -Nivil ANS, N 
— Co COS We ce SS fp eee 
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Gs 
Cxy (ayy) 


Cx yy Cx/y) = ey C4) 


( ' eee Ze (x-my)C md, y-mait | 
Yancy EXP | 20-9 at = & Sy ey 


2 & Sy Vi-pe CxP \-¢ Sere] 
ey” 


le Cheam Ze Kama ly-my) ames 
— Vanes; (i-e*) eG A Vee, >) co,” = <2 & + Sy 


ae Eau [omy + LH, se | ™y 
= farms ap) SEP lau peg UX UM ay Sah |X 


“y Tica wt 


Complet tnq the Square om X 4G wes 


een rls FE (yma ds | 
Cxry x14) = V2ms(-p) SrxPLezli-pyee Sym, ~ CYy-ma) 


oe the distribution is Gruss tand: 
a PS 
Ee Kiyo = Mx + ey 6 Y-My) 


Var (X/y) = Sa Cie): 


Sane ; 
(a) MyUivy= Efe 4% = EL e” a Ck etre are 


N x: 
a — Jv At 
= Wr ey ait 
eo 


ey OE S| _% *1e> a es (ioe ae ys. 
iw ——_—_—_— ake SR, 
ELe. Age sw e Trataer ei \ weer e ies 
am i) 
ses | Ni -2iv ~ $(F-2Jv)% 
oe uae ae AGEs (an d 
a ~~ Naw x 
1.0 
Sine! ena 
Cots EAE LT aia C1- javet) 
. jvxe sd . \y. . ~ Mla 
My Civ) = A Eze 3 = WY Gta dave?) > = Cie jzve*) 
cs = 
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Gs (Comt.) Ment ale 


CO ee eee => =” Fl niz) 


: -Ny 
Mycivy = Ci- javet) 
yeaa ~ Yl 


Fy cy) = Ce\"= PUNY 


ERE Cy az 207% qives 


Nete, by Cuneta a0 relationship 4 Y7o. 

pd re Sod + 
(ayy Ely are 2 ioe = ee gia > Ne, 
E F(x? )°$ PanaGce a at Ci- ave) * Aa = C1 -E 
Vari (xy t= Rim ye pice soll otsivee 
Vaviv$= EF yS- efvd= wlefexst-e'sxi3]= anet 
Apply ca 4 setts is renttie Thecveda Gives 


= C4-N6*)/ene¥ 
\iy> Faas Crt ts 


Actual p-d.F. Ni=2 


Novana( 
io Approrimatcon. 


Actual p.d.¢, 


Nevewel apevor imation 


N=8 


ra 4 G a 10 me 4 in’ rs 


Note Cmpvove ment} of APPYO Kimation as N-> co, This 


Cshtaeke Comsequence of He Cental Limik Theovern., 
oe eee 
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2m 


Cx (x)= Tim) x 


2m-i -m x? 
» X20. 
(2) For mei, (xi ve duces ta Cex) = 


This cs Rayleigh with o*= bz. 
cd 


ra gw amt ew ~ eX 
) ELX™S = § x Kiddx = {2 x G 
~~ 


dx 
Ses axe 2m. 
= cfxté dx where C= Ci») , KF 2m-ltn. 


From imtegval takles : 


mee tae 1% 4-3-S+.. Cc) 
Sie dy S4 Bere Ce a : Ce 


( ay /2 giitive 


C add 


Cov & even, 


i 1B Ss... Ce=1) 
sed e ] 4 g ese CC: genresiz alle TT ce 


; K even. 
c. ED A ner 


Note thet K ds odd 


pekew KN add 


wher w is even,awk 


K cs even when nun cs odd. Thus 


\-3-5-...C2m4+n-2) (Hy! 
ERK3= | Saye CoV mere Rae Warroad 


T lowe “~r2) 


Pim) 0? Cav 


(c) 


E. (x) 
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Gs) 


1 ~'n Cy-my) Jey 
FyCy) = Vamsy © Saye ox: 
Se 
(a) Since nier and d+ ee Dele 4 we have 


d ‘ ~ (ba x- my) 26> 
Px Cx) = ss cy) | rules (ma ¥ = Var Sy X . 


Exvawminatiow oF Fumnctonel relatconship shows et Se 


X zo. ay : E 

as oe = q- au by 
(6) EF x3 = 3 shy EN dy = u et Var Sy < 3 dy 
> Tee, (a evr y- dated y <a zs, Al 4, 


- | 
~ Fem Sy (evel tte | amysagya +b] $ “a 


ete mee oY a) 
a Yom $y Mees aprons 2S ty ] dy 
ae | ay 
iy [XP Ly 3 re <3). « mee teens: ae 
1.4 
EXP(my EGY Sh 
acne ene & fSimitak technique , ct Lelouws that 


: : 2 EC yy We, 
ELX*S Sale fas = {.. C4 Gee, € pret 


tl 


coud zr 
= e4p Camy + D ceiy, 


Thus 
Vavc x)= ELX*Z- EEX 


= CxP( amy + 2G) — CH? ( tary + SY). 
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sis » ular x 
FeQWO = LO otherwise. Fx) = ‘ qdu = ze) 


: > @ ae Oe 
' 
Me = O, Varixy= 4, 
Prog l Xl « ¢) = Pros (-c <x 4 ¢ ) el Ivey Fy ¢-¢) r= a 
is Pros ( xt ¢ Ko) = KV 73 : 
1 

Chebyshkeu's inequality Prenat x- ml ¢ Ke ) yo f= RK) 

\.o 


Actual 
Probability 


a Chebys hew Bound. 


baz 


ergimds BS of ay 


AOS: z 
ertc(*)= aay 


Crna 
° J 
: °° 8 (a2 0TA ge 
£41jy= | ec _ 
(a) Pix eu} ano) ba 
+ ae | Cc 4¢ 
where T= S Ps i 
Pixs lt tebe aw Cne frye 
Let = . poe ha wes 
iffz o- 4% 
= 1 zor QR 
| eh eae hk =P Ps 
Pes (Or 2 
: ate Lite» < 
ae eae Bh Fe > 
wu 
Sight PE co OU b+ pecs Cie =7e) 
-(x-10) /26% 
Ub) Pi w<exss2§= mele Ge 
oe a2 
4 pas here Cm 
Bad pk — = > ere eee 
13 : ry i 
cy palbs -(¥-1e) far 
CA Pt SGe Weta a ; 
ee 1 se -¢ x -to) Arg > 
“faie) © s 
3/2 fy VR 
zat - af 2% 
lr y € On 
o 


Hie) e 2 
zh 
Sige ae ( ae)-zers Gr) 
C2) pg 42% S/o ae i aoe 


wtb here ees FE 
” re ) S ax 


? de 
ger$(am) + bers (Se) 
eee SSO 
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-- 


a yee 
2 f Uvmm) S$, (eae |, Asa x3 


2 
T -) Crom $4. Cx) Dx me) as $y. Le) De 
where 5 henctes take gration over 
ealg the regren for whrewmA |xXK-m1? tao 
Se Lk 7], ae eC Rm) > ict PAs 
ee Le-my Sleds > f Kot Slade 


Ix- W1L> ko VX-mi rk 
= 


hus rapes RN Be 5 Sx le) Qo 
(5% el 31 o— 


Sut § SrizrIQxe =PFIX-mI> Ko} 


Ix-™I> 10- 


= 1- P2Ux-micker} 
Se that 


ot > wt oo jee Phix-micne 3 4 


FEUP 3A komt ee tp ka aes. 


Piix-misékor > ic as 


Ged 


Solem a 

biz): 7 § et b 
ver) 4 
es 


/ 

T 

aie 
Pix )= ley 


| AOS Ay ey ey 2 
2 
outieaiee nite | 
§ e fz 22 
¥/fz 
oo arate 
=e) eee c Q 
ha a f 


Sere (lene eg eey, 


eo sem ley) cues erte (*%)2= 2Q(Zx) 
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Toe age et oo 
HONS St eae OMA Tete ¢ ae 
a 
- ts 2 
2 Tae) Pa a oe 
Re ti ies fteicn, Then, 
ee nit 
PIIX\izanthere ae ce Zer-AZ 
all. « 
oo (ss 
iG = i tial QA 
A cena fy eS 


= er$c ree 


CORE a 4\ a2a=- ke we Via tpes 
I< 
Ras <r kor tesevtpic C fe 


— 


le) Fer C= 1 
{ 
Piixiret=erse CB )= 0.3173 


GC) Peer lee eee 
2. 
roe ia ee a oth St erte la)= OO: ASS 


3 = 
Ps \x\o23a3= erte( @) TPORO O Ze 
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(Cont) 


Since ge re dy BE By GE) be Pa ed 
ae d 


we have 


g*= me or a= He: 
BPP a cc 
ite a Pi —A\v| a, miitcxe ae 
PZlx)rb y= =) e Arter Dx 
-©o i 
eo gaa 
Vay: fae ; 
2 UGG AGG ) 
-ab 
= 
2 
Ww, ¢h baka and fale Uiirgond 
; aaah 2 1S 
Pdixtrkor}= e. 
(Q) Pbixtirze}s © = 0. 243) 
-2 | 
Ub) Piixlr2r}= Se he oS Le 
asa 
Cc) 15 gal Woh at ak Ramee Se e = O,O1FF 


ye vesults ave preter fer Me 


Laplacian amph'fude pes yhan fer he 
Cav ss, an pel Whe Gavss'an pet 

“fall s- off " faster Flan Yhe | 
haplacian-anplty be php ( ene 


fer the 
Gave sine pet 


Pipe ye: oud Sah YQ E 
Laple c'an-anpl'tube pet), 


CHAPTER 5 RANDOM SIGNALS AND NOISE 


xt) eso 
(@) ‘as 


To 5 


(b) Xcty takes om omly two ualues A awd -A and these 


ave equally Cikely. Thus Cle = 2SCx-Ph44 Sox). 


(6) This process Cs “ot statwonary and thus not ergodic. 


The moments ave not me -independent( e.g. 5 


E XC% = to+S)$ = Cemite : ESxitca\$z0. 


Ga 


(a> The process cs statunary because auevages do wot 


depend on time Ovigin. ( Note that mean and 
variance ave trme- independent). 

(6) Now XLtdY is nonm- stationary because Statistical 
Averages depend on time (the mean value ig time- 


dependent Cac example). 
Kt) 
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Gi) 


i A 
@y YQ) = {a Cos atdt =) GG Sin wt . 


cc 


(S) Ydeted Cs normal wit mean 3ere and standard 


c ' Sinwto 
deviation oR ud 


EP /(Z sinwte) 


b) 
: ee 
Paden ta 4) tote) Tam (& sinuses} oak 


CS From part Ub), Yet) cs not statvonary siuce 
Standard deviatiwu cs time dependent. Also, 
Simee Evqodic => Statronarity » Ct Pollows that 
Not Statronary = Not Evgadic . Thus Yetry is not 


Eva odie. 


Gs) 


(a) By inspee trom the meant My cS oan: 

Rlexy = <KLt) KEtea\N7 = Cin ring ( xcekctea) dt : 
T-9c0 

Note that Siunee Xt) cs periodic, we need ayia 

cm teqvate over A sing Ce period to Goud Re) over 

Chat pevied. Then Ras ts also percolic. 


GC ropP Wically : 


vat Xct +=4) 


“SS = = 
—— = a 


sie Rl) = 13 R* . e — et) aa Arey oe AY Cte, -~) Ta pra 


Brea acre Cov o<oy 4 Te, 
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CRED Coma) 


Ris) ¢s even awd periadic 


So we can apply the 


properties af Bits covye (alco CrcorCeat rte Cimd 


Ries Cov all o@ , The vesult ic 


Red = ACi-4 He) lee MH | peviedic en Te. 


Re) 


“Als 


x 
(by By inspection PSxcty=A3 = PY Xct)= -&E = Ye. 
oe, Efxcty} <=" -S aA =A so. Sqx lt) 
—1I.od 
DeFine the Cunctionr 34,6) as 
To 


Then Rxizyz EAS va (t+ TS A Sq, Ct4Kery§ 


ofa 
> Ry Soe ay Lt+ Ze) 344, Ct + +2.) oe = tae 
Noting the Similarity a A iwmteqval with 


that 


Mieke part la) We can worvite 


S (zl rc . x 
Rx Coys SM Ci- #4) | 41S ES. , pevcodte (ume 


Aas] 


4m ,16l< Te 
XK Cty = 


RR cos ( wet +A) coheve C (e) = { 


ny 
@) EY xcey$ =< WV + A Cos( w,t +6)do = JE sin Cuets e)4|_ 


Oo , Otherwise 


m8 


me 
é wv : 
= tA Neca Cos g@ + COs Wot Sine — Sin wet Cos Va 


+ Cos wot gine Ma | 
QA a 
= “ap Sim g Cos wot | 


ae 
Kk cere SD ecidy aT J Aces( wot +Oe}dt =o. 
T-00 
™/Q o m/e 
A 
4 “Sal 1 
E 2 xtce$ = Wi ah Cost(wottO) = ar Flat 2 Cos C2 Wot +26)|\de 
Settings (sinc Ge cat ey) Sine Fedak = My 
Ae 
= An x m locas 2cWdat rae coal 
ved At 
& x4)7 = Lim eahduy rents wetterdt = “2, 
T-pco 


The vVarvcance cs Caacd usi 


Var Cx) = EZ USS - CF xe0h, 
Ee riad 
(6) Rizgyz E Axe) Kbereye Se 
= ue ies 


Se pars + a eens A Wet + Wy) 


+p? COS LUst+6) COS ( wt 4% +O dO 


beg (ee ‘i rae 4 Wot +20) + ECosCunr\ I] de 


See CZ als tow ce TW) J 
rate 


=> FZ Cos wert + AT Sen do + Wot) Pye Ep 


Note that RLS is sae time dependert. 


< XCt) KCt4 D7 = Ci ffs AR*cos (wet +0) Cos Cwet t wot +9) t 
T> co 


Com 
T-><0 


l 


“Tt a LC caslrwet +eet +20 t Cos Luror) J dt 


z 
Lal Cos (wot). 


This process is not stationary and thus is not 
evq odic. 


( 
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GD 


het KX demote the vyarndom variable. 


Then yo IX! es the vectified out put. 
ELy*Z- eters = EL x9 = 2 
Et 1x1 = 2 sfc x Fx) dx r€ be Ryemehrys 


-XVoe% é 
e. 


2 o pala Ops ~_U/2ze 
fanart dx = V2me+ J), © du. 


The last ey press com Collows by change sid 


i 


Varia les ws X*. Thes 
20% 
fabs, Ste 2 
ERIKS. = \Sentes bo Via 


2 
Var iy = EZy%-eE*Zy% 2 oo? wo i323 0% 


ay ELE} = ELX, Coswet- Xs Sin wot $ 


S £2K. 5 Cos wot - EFX.$ sinawet = a, 
EF 2204)$:5 €3 Lx, cosiunt ~%sin wetI*$ 
= EL xP costwot — 2X, Ka Sin Wet Cos Wot +X2 sim® wat § 
=ELX?73 costewot + EF x23 SerPuret — EW x2 Son Zwot 
= o*_ EEX SEL KS Sinzwot = «2, 
VARTZCL)$ = o? 


bY = is Gausscaw with revo mean | variance <*. 


(Q) E3 #3 = co C mit) Cos wot I*$ = Ez mrLt)§ Cos tiek 


= Mo cCos* Uset, 


Ab 


Zlt) cs not Stat onary since the 2 moment is 


dependent on time . 
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( Cont.) 


(6) £3 V3 = sie] L mc) Cos (wot +ey1°$ = Ed wrcey Cos*( wot +694 


= ES wrcay$ EF cos? (wort +04 Coy inde pendence) 


— 


Mo eg Yo + Cos (wo t+ey§ = Ms + Me EZ coslwette)$ 
= Mey, 


Can't say i€ SC NCS: Stationary Cease 5, he 


cu Covmation we hae Were. het it terns aut 
Chaocumrur ts. 


Met, “ity be! the out put voltage. 


the be meter veading ques ES xceV$ = 10. 


P V, 
The tvue Rws meter reading qwes Cetcx-exgyd) 
which ts es rt ee ee deia tio+1. 


SN ees approximately Gaussian wth mean 10 


And variance ZS. 


ae Us sare ee Te 
Cy (xd = Vso 
CoS 
os 
Ss 16 is 2a 
Xho wo C-e's 


Gw 


@)Y Not suitable | Rit, # RL-t) 
(C) Not suitable " TETRA 60 For some F, 


(y, Cd) Suitable | both ave Symmetric, TEL RCTS zove, 
MaKimum occurs at t=0, ete, 
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EG» 


No 
Qa) Po= BNe For this ease B=tkhe. , 2 = 2x16 1 


z 


Sah Pe (eG AES PolyTes 


@) The awplitude pd cs Gaussian » tev0 meam, 


amd process cs sta ttamavy. Sii3 2M Pe oe Lecause 
of zeroes “Sean, i & 
! ey —- Bxic% * 
Cx ox) = HN Sie Srp aie 
(A) Riod= Rms? = 16, RC tes) = DC= I, 
Rr) 


'G= TOTAL Power. 


-1.9 1.0 : it~ 
(by See) = WHR yy = 1S scne*E + SCE). 
See) 
ee 1.0 
is 
-2-0 -1.0 ts) leo 2.90 e 
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REt)j= $+ Te Ht! 


O° ‘Pats 
Als {ct | — =] & ic. eey mC lees ya 
a 
Ca) ae pewer = RLOP —~ CUmeans = 
GF-“Y= WY atts 
L &) de Pewere= (mean) = a VYatts 
Cc) Tateal. power = 


GY s(s)- FELCH 254 2 se TINY 
tie 3 Nan aac Mca 
i+ (ax t/a) 
#35) +4 


Ey SIRES Ea easier 


I 


tee 
Us 
Pp ae 


Os ice 


= 
es) 


Ry le)skivyeylery 


= £3 (escce) +¥(é-T)]{ Klee rt) +K +x-7]h 
= ESXM) Xler+r)} + ES Ke) K + e-T)} 
PEL EAT) XK (44 c)¥4 ELK E-T)X GteT)} 


= Ryle) t+ Re le-T) # Re ltt TM ¢ GLE) 
7 Ce aC Ue ie Cech aD 


DVD eh diky (EWR ACSd o SEC a hy oe 
Sees 25, C5) cos an SF 
SUS Ca ae her cos2rhT \ 


245.15) os° ST 


yin $T at 
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SA6 


-aitri 
TiKxe Cos 2nrb6t8. 


nS pone 2K /Q 


sl@) = “FURUYy$ 


a 


- opeec Zarefa yh 


Apply img the wmodu lation ‘theoverw q (ues 


1 
SLe\ = Kk | ———-—______ Boy Se ee ee es 
an yore + 2 e 
P+ “¢- & i+ TE Cesby 
sce) 
KI 
-b 4 £ 


GID 


From prob. Csi} we have Rit) a triangular wave form 
GEEKS eve (DC value: 7 Twe! magqui tude és A* and 


pevied cs To. Since RI és periodic » We CAW express 


ct as a Fouvier Sevies, Thus 
RCD) = sae Cw os copena where 
Cals f RY, Stud “ye For n¥O6 = Gey Cav iad odd 
° Cor n=o o Cov Ms event 


Fouvier trans Fovwm ing q cues 
(4) 


Site), = UEP Riz foe 2 Geel hs Tonk 


seo 
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) 


The vandow process cs MCt) = NEE) 2 S$Ce- eT5) 


wheve ET wey ML44+ 299 = RA). 
, We : 
aey swt 


Ne CA) = ie weve ae = Fo ney Z sieuwe dt 
‘ Ae mt eAeKT 

where N= bagel imteger such tat MT? Oia. 

Ina cey{® = LD zy a i iaeetiths Lie 

New we need to Find ELING COMTS. Note tht Khe 


vesult will be @ sum of tevms of He Corn’ 


Eton in) ei" el WEEN cms ei 


fSut Since Sa zt iGo Kutz, the vesult is 
; x 
ELIN, ceyl*S = ot WEiLa@ une!” "$7 Larne € it ae vt g 
= 2 Rell = 2n Rial. 


Ey 
From the text: Stele (imme EDINA Cey/?S 
NW BA cis 


: ue . 2N 
Thus Syl) = he Shep TZ Rule) os ae ean => Rnulo\ . 


We Can veplace T with 2NTs and (let Now, 


This qc ves 
2N Reco F 
SxlCyo Cian 2N Ts - ne Ra Ca), 
N-> G0 


Xt-t) = % Au Slt- tx) where Ax, tk are independent, 


wm -wT 


and EFAxn.a.5 = Ba Su, RIN Tel Stag oN ota 


ce a) 
a ek K Cty, 1d), Slee 


Lie cy Soe 2 OE Wa A MNOS Oe ee na 


Kt -oa 
: ve wt -{wt 
Ran <0) = i rally Qos cts aves Teer 2 are ‘ 


e 
- re 


ACK D Itele Tar 
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€ Cont.) 


‘ ~jwt ~ swt \e 
[Ny CRM ve Cag eri Cae ) 4 2akas 
Au KD Itnl ore KFL 


EJinrie tc £ lus a.at X 2.6 faian Fes Sa 


Ace K> Ithl* Ta Acc KOI tl <%, 


BeCEE hE 
en oa vt 
sis me ley = EGER ae ] Ne Eeyit = Cian a = eg ire 
T->o0 T+ o0 
(6) Ket) hit) lt) 
Sy (f) HC) Sy Ce) 
Sy (OV Late tis, Ole saa il HCRIA Ss 


Go A, 
srw? 


§ tHcertS, Ue de 


{I 


ey Ryeey= TE ay sunte) 4 


Loic reduces to 


Ray feds heey e hi-t) & Rela) = cai heey e he-2), 


(4) Recall that N represents the numbev of te's (Hn an 


interval T. The characteristic Come tcoau OG 


Gives) My Cavia et eoitic sees erie itt yee 
where WN, Aan, And tk are ald vandow variables. 
We can Fivst look at tke Conditional com 
Mey liv/Nn) ae later Find My Liv) mee 
Mi Liv Jigs a oMy livin) ACH). 
Now M 4 Cive/n) = E3 Res agit 

ef w or a TT ae el VA eee 
mskhvcsh. coltegeaak independence 


he Seta hi t-tal ¢ x a 


Goileweie Caclavss by édentica lly distec La tes 


Gy Sani 


=| pre A iva het) af 
Calin <a da eal ‘ 

ws hich Follows by ecru aSnh paviabl (esi 

Go 
IMGT et oS i 5 Cie vert tyes ates ak 
oo ‘ 
= IVa het) * 
exe | vr SC Cala e io me 


= e+e Lvr$ GO Cheay S erie 4 | 


(CS DilFerentiate My live) ts Find Eyes 


and EF yey}, 
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vr 
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Demote.. the wane fore Ct ol end Cat wal eee 


Kramea led UeVs(con Xo nr(t) Given 2H 
Xonr Ct) = XC. ith < nt 
e) , ofhew wns 


Noten) Chats cee ee Cy © ee on pulses ink XK esque 


Tei Fs tuvey itiasims comeneil  etiiwe KT palse X(t) cs 
ie Sag e T+ TtzAtk Pes 
Xx CE) = {: Kx lt) ey ‘i mae = ‘ Ae : dt 


T+ Ax 


= A% Sine FE, expLiame latk+ to + KT 
It CoaClows PANE ae 


P z faye (+) 8 = Zi Ate Sincieo exp atime Late +24 KDI 
“~~! 
~jum F ~ junc fhCAtK + KP) 
Sl Ao: tiecl areas eee een ; 


ra eur So 
a-! w“~/ 


uyr ~ zm Paty ent) -iawPlate+ 27) 
eae chat Sime Toh 2 e pg 


WH ham 
NS erties the expected value Qwes 


ma) wel _jumPatct kt zry CAs + QT 
PUP One SeRo wenieserniy (ares pe Catt arey! « a) 5 
Note thot Var K= 2, the fea) aaa 


Cust de. 


Sra ae ON ba Ws eee Nous Suppes< ic # g. Then 
fe 5 2 jam CC AtKAKT) = jon FCA tic seas 


- SamP CK-Q2)T ~ jam Fatx Sly: Cat 
= ele 8 bee tertan bs ae : 


e. 
a Cat OG i Pat iumPTt 
~Jrmr Ath 4 =~ IZM ATK ee 
ce se - = = Sé datwz=. Sine cer] Ce is 
7 e wmear 3% waved express (Ow Gecomes 
PF ee - Jzw CLk-2)T 
WhO} = Asada) 2 Inge l= Some ce sa 
#L Kise “mn 
Samet jamker 
= 2n A UWsind tol [1- scne(EN] + A Te Sime Tl f a a pa 


ase 
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(cet) 
(ohewen cre (tt 


Expres SCon vesulls yore 


ime luding K=QL Ce surntmat(on. Next we need 


tz evaluate ae 
m-t ia Sum T :: ~ drt, T a - Jam tak 
sii 2. © ewer an © 


Kream 


m - 
ay) i2me\ = apiek UT beje 
G+e ) ee 


' ce 
i acre ~ Jom ft eae Ga 
ASR?) Se 
are Ci ie) er te eek: 
~ oN Se 
1 pat RST, 
wher 2 2,2 F 1~2 we been used, 
This 


expressitaw Simplifies Te 


mei SoA ET 2tas mE - sia 4m ET 
Sour iF 
Cina Soa 
| tes 4 Costa FT Sin arcre 
Star oth ou 


Thevefove | Che power speetral dewsity 


oft Ge Cs tov (tew 
Bee: © oles ipa iene ap alan 
M—? co ES RENO Ges SNS, 


ANT 


{ 5 4castt eT Situ ET 
— i ——— A % ‘ aS pa anes T RT NE EEC Pt Se BERR SEL AT PSP 
= Lem ant Sine ae ¢ Sime iy) Sr yi tie ey 
% 


Arto : 2nr eh a Sharan TAT 
Se Sime TF (I Sine ET) + oie Noel AE ee Sine code [Rime 


a Win TET 
Last le AAS oe tes 


Cxamined next, 


Malic: Gant Cw (he 


EXpvEess(on CS 


170 


(Cont: ) 


The Nida re ks g 


Soxu* ax OT | 
1 Pgs: Wl ak MA Sint ml T 
A> do 
cs Sn inca Ran patie tad ATED de an ware integer 
because es Eon ea 


fea Oconee Qwd 
mbrnity . Naw Cet 


Wes Brit Cana leis to 


C be € ey Otenne Ws ap}! ap eae 
pe Mewar Siw DL an€Cwuns+ me) 
Nee @ Cla Cy <a IS 
hy Ora Sine el amare) 
WZ CO SS 


Aroriy es 


Neer ic tantaate ant Cr. Chapter 2 ee 
So iran yes Why eat Cx near 3) 
eyed. NSsene nx 
MN -p eo ; 
of A 
poverty ong sin*Caume) _ yi 
Wn oS = OE ee 


An TE 


elke 


SoenCen be Bee eS We Sime) tine SCR mp | ; 
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Gap 


@) The Filter causes an attenuation Y af 

ee aN rey, and intvoduces an additional 
phase ang (e of Zi « talk! coyRe, 

ae Be AL. \ewartcr) ; Mit G0 Paterieus RC. 


(6) Ray CRY = E Lxceyy (44 2)§ 


ESA sin Cw,t tO\B8 sén lwot tot +) § 

= 8B EF cos Lo -wet-G) -cos(2wot twee tO¢D)5 
= eos (taw'weRe - wor) 
REPRO (s aamodae as Case! LaRe'o cet), 


2 
(4) Ryx CE\o= TRxy ite) Saal aa Lives R*c*) Cos fe taa' log RC + Ww). 


G22) 


Let Sy CE) denste Output power spectval density. 


Then Sy l@)= Sauce) 1 HCE, 
= 2No 1e{ aot ame 


ra) elsewhere. 


Sy Cf) 
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Let Sxl@) denote out put) Sid. aud » He) the eee 


response, 
j 


(@y HCE) = 1+ i¢/f 
{ 


Ne ——___—_ 
SxCAd = Sacedluceyl*= 2 seeve,y> . 


Relty > EZ Sy ce) = (a > EST Se mee 
t No ee, se IAG 
(s) 
— anv; Il 
i HW cl ae i Me Ra Se <Ot 
Lm Cond) ea2. 20S" psiss zarfsel Zz 2.303 
and so Oe ied ech, PT eA 


——CCCCeses=«sSeeaeeeeeeeeoeeeeeeEEoEoEoeeeeoEoeeeeeeeeeeeeeeeeeeeeeeeeeeee 
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Except fer pare C2) rhs preblem 


“4s cdentr ca! te 4xa mple Rope / 


ee ee Rea er 
SC5)= S25) 2 SM Wes erat 
1+ (27rRe)~ 
CLyviarance ex -1tl/n So Ah alls Se 
pC ) P+ (zw $x) 


For ‘thes case Ose eS) uu yes 


REE fe exe (-1%!) fey) 
ie) the eutpar cs 


zeve-meaw , Gavsseanw . 
ae 


an h2s Se eC le (eo) = Bae 
Pee 6 ee) 
' Zn Oy Vir AL /22- 


(2) jae output Naerse power = AJ, Bas, Fo ww 
park Cb) She eulpur necse Power = Ae 


——— 


x aay. FICC. 
thus Meby" Fae and Bye J 4 RC 


) / 
fls)= f$-lter response [7 pew 5 RC. 


le) R(vd= FSsesdy- VY er- H Scr) 


tb) Ay ($)= output Peu<r- Spectral Deasety. 
= S,l5)|WUs)] C4) 
/ 
= NM —_———————— 
a /+ (27 $ RC)” 


u 


ce) KR, Le) = FN Sae eS 
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N 
@) net) f Kacey): 


tal 


PS mers = ol <euce ESnunty$ co Ve. 
N Nn N N 
ELweryg= €3L emt wile ane ak, BIE ign So: E uicay nzcty$ 
N nN J=4 est S57 
2 2 VECE Tn ie) 4; (4)3 
ett Jt 
N Cevms of the Form nice) nice) => a? 
A2N+2 terms of the Porm Mitel, LA) =e Sy. 
‘ Ct 
* ELM = Ne? ante Ze = Cane) o®. 


Vay & “(t)3 = EX wcty 3 Sconce teva mean. 


= Ye WS 2nade® 


t 
(b) C ( = 
Nace Vane Canis 2 


GD 


Let RGeyicte EF 3 vit) (t+) st 


(a) RL) = EF vety eet+)$ = E 3 wit) cas (use 4H) ULt+t) Cos (wgtFtageee it 


= EFrnrsy ALE+ 253 E 3 Cos( cot ep) Cos CWoet 405% 4B) 


Kul) ea ‘2 Cos Wat 4 £ Cos (2 uot + Wort 2p) § 
=ZRatr) Te SC near 
(f3) Bq Chie Arnediula tan, theosre, 


Sc) = = Sa Ce Gal ay + SGU Ne 


(ay ycty= ae KOM XCK+ AD dA 


t+T 


F t+T ' ale 
Ey 4cer§ = 3 + Gy Lorn) XC A+ TIAA = + EJ -yoay XLA+AMS da 


' C+T ; t4T ’ 
Stele Rye (Vdd = Rett) efydd> = R, GS, 
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CER Fa oe 


a tat 
(6) EL yeu = ef LS, Xo a) MiaHrsan are XCB) XC K+) dpa § 
4 t+T 
= 2 (fF aunxcaer) xB) KiB+ Ds drag 
aS 


= Reet) 4 RECA-B) + Re CA- B- OR (447-8) 
; t4+T ig 
2. €t qtcey$ = 7 vue RELAY 4 RECA-BY + Re A-B- A) Re Ate PP 
+ 
and Vary Lycar3 = Es yrceyg - Re CZeNe 


GD 
: 1, \EFI“LB 


No § 
SCF= 2 ‘ HCFI= Lo » elsewhere ; S.4e)= BSD. of outpet, 
(a) SycFy= SACE) IHceyt* int LHS 2A <5 


(e) 


» elsewhere, 


B 

6 2a ER 
Rae aris SCS = oe eet ae 
(by EF xe $= 6 


Nete 


NoT3 scx 2B. 
, ReC Bed) z 0, VarC xen) = Relo) = MoB, 
Unecorvelated Gases tas —> éndependent, 


! ~ (42 4+%FV2NoB 
Sant Ctecke\ 2 Toei 


ee e—eee———e—eeoeeeeeeeeaalaaNaa@a@w@a@««S SS 0a 
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(a) Ryy l%) = E}yt*) Ayer 


Evo 


feefyoler geese) 


| Aer = [yt CAs t+e)- Raed Lé+ =I} 


he eléeblyWylértee)}-E 34) ,} 
dn, EEL glereee § ylang ecm 

Sup ot Ralete) i Kyte) | op 2 Ree 
E70 fad e AT 


Cb) ee a <e wl )}=%B S7 VC, ere 


Smee Ry Ut cs 


C@ven and Conk nvees 
at t= Oo Po pellovs rhaer 
te 70 
ih re C=O 
Sénee 


Ye qe) Bs pre 
Gavss,an an 


jn dep enent, 


ey Z y ed ave, 
va correlated. 


: i 


Gs te SWLR)AS= LE 


kf) 
ee tg 


B if 2 3 
= 2%, 1? § 0s. 
== 18; 


a 
Tavs 


~Yfeng -4/emrs& 
PENG Bae: ue! 


Foy 4)= Paleo igen 
yy 2x [een C ie, 


. aed Bia 3 ¥ 
si “Tre B~ exp | Geared atom) 


Ce) Nel Farithal nase (hel. Digtt Le ihe cutpet 
wy C21 s)> 


a ah 
“3 


(5 hoes net gote zere as £ wee, he. 


eclpvt power ts Yyherefeorea snxvnite, 
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Gab 


From Eqn. s-4il we have 


Barve Suet) =. Le Loa Leb.) 4 aul hs tel 


Swewe P= J Le L SwhC-F.). - Sw CFF.) J 
Su fF) 


SNe ce) > Sas ce \ 
Ne/2 (ay 


Moi 
Charte un% 


Swe lf), Sus 


SwcCF), Sw, CF) 
(bY ; No/z (cc) ~ Nor 


PET he Re 


(dd Nect) Nelt) are ace LARENe E's Kieth Asters =O! 


oo 
EE Nelty Ns lt9% = Rens C2) a My Spwews CF) aC. 


aft 
Thus Wa Swengl(FL\d@ must be evo én order for 


Ne Le an®2 ns lt) Fo be. uncerrelated. TAS aes 
net Yhe case for any ef he Yhree exarmples.- 


eee 
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G3) ‘ 


{ ny RS oe Jam fT 
(a) Rui = ea S'S CONG wien x*+ Camwey tae 


df= co 
é = 
OW OL. eich te lee 


(s) eat the 


result of part (a) and modulation theorenr 
~ Siti 
Rates ae Can tee, 


(CY Sue LEP SiS 4-0 e) seen CCaR.) 4 Ser Che hk 

Saew, CF) = J 808 Wp 2] 29 3 Su Coa ey ye 
ox? 

Thess) SagCery = Sw, Ce) 


= Oo*;, uw 


_ 


Sa. Ws ce) =O 


Gad) 


Sinee Sac) is Symmetric about we 


e. F. 
(ay Sac (FS 1S lf 


—- Mo 


Q) Swens Y= 0 


e, FL 
(6) 


Suc ld ’ Sug a i>) 


J - Sate Nn (e) 
G) ‘ 
Me/z 


—No/r 


€-$. C, 
(<) Sac Ce\, Sus Ff) 


— No/z 


tC, 


CC) SmenpCl), bs <7 Clonee Snes) 


of part Cb). 
(4) For parts Cb) and (cj 


, Welt) aud ust) ave 
For part col: Rwewslt)= FoF Sues (8)$ 
ais Ne j2zmwFe : Fey same 
ind ee Ee Ne 


covrelated. 


€ d¢ 
Le aie Ne i ~s2w, & ries 
ve 2ne tb yore a + eC 

No 


271rt 


ae anf tei J. 


_No_ 
Similarly Cau Part Cb): Rue nt) a iete ae Cos 2arF, a] 
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G.33) (Cont) 


x oe e R we Ns (2) 


es Raewslt) is odd. 


GD 


EL Nace ma Lead$ = EF actnlcos (wet, +8) ~ SinCwr. ti +O) wicte) 
EC cos( wetri+e)- Sen (ust. +2) J 
By apply img trig. identities , this reduces bt 
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Gn 
Sain ee 


Onde sisig COIS 7), cme d hCeest) x 


2 ! { 
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Gest) 
ay ues 
See mrs = relies wilemeny 


Foy the Values [ieee Sods rawr P= 290 IB = 10d 


GP 6. a siee eom ston 
and Cov pees Ge 


and Ce (AS 


eS ate 
Sparc oO Reels Hi 


Nate Cat fenlike ) thle 


; DSB result, we 


Can "Wo Couqev Assume that the Cvrovs die” 


(a re ad ct hakt tons Cairrce yr Phase evrovs ave 


Brea seh. Ce. The wesullts cave plotted below. 


re Banh yan ee 
aw cS K=¥ 
eytre 
0.0S 
Ss 10 
4 


ales Conceptual test t5 shown. b<Cow! 


System under 
test 

Gain = Aw 

bBewy = tm 
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Ceautt.\ 


The Parameters A and 4 are adjusted Uunté ( 
CF A,%) CS A MiNiwmurn, The wmean- Sq “are 
Cvvrowr cs 


Sonar > Caen xaeny 
= gtttr- 2A KCE-2) ye) + A WED. 

Betis e Fintan hia Meg tae Seles ae 

te = Ryley > gat ree ry ead ae 
Tigi tale Com ton dts alent ae cube eet eueRens 

ich a Gite). cid ee tee es “Rey CO) 
ohcues 

SEER 25 ae Cane Mey Cat eer i Rey C) - 
ES) Gah bie cig eats Pen mee | expresscon Por 
E7CAAD that Ray amy Cixed gain A, ECA, *) 
Cs MLW Iwirted i Dt ia ec ree Ce 
Thus, Under thee SY GEC i eo of Aw and 
Rene Cee ale Eton Reyer ret oft - Goheem 
Mmaryinires the sys tew cmpat — outpat 
CMOSS Coy elas lox sae ed ent < iitioe sys ten tle 
delay, CAS eats Ceyed we have 

EEA, oh! Le rilen ah Ry 0) ai ean ae 
Ornrwd 


Dla ty 


SA = 2ARCo)- 2A ev (t= 0 


whi ; 
Aw = Tex Co) 
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(Com t) 
eee Rayltah | . Ry (Ber) 
CAGAea tN er Rycal + Ce | Rca - 2 Reto) Rey (tm) 


= Tey Cay eRe CY 
RCo) 

whieh cg Che vequived vesult. This es 
cleavly Be MAR Lean Le epee NE CALE Can vibe: 
made avbitvavily lavge by (MOV EAS(NG A. 
Note ° 
The qaim and delay oral ex system is often 
defined as the magnitude of the system 
tvansfer function and the slope of tke phase 
chavactevistic | respectively. Tite de Bisa tionnel 
Qaiw and delay sugqested by this problem is 
Bese Cl Coy ele Cerca. System Qaim Bei ea Pte! 
maag mitade of the tvansler Cunctian és mot 
Constant amd Cor de Fiming delay when the 
phase chavactevistce cs not linear over a 
Fe quemey Vande avemttevesdoult stbuld sta lise 
emiewe] ala Goat heh de Cited nl Ge qain and 
delay aL ew decker. problew Cane hetused 


> 


situation Coe is hack the trams fev OE 


even when ae Sy stew cs monlineay axa 


( magnitude and: phase) asi hmodt mievend: 
Le exer lu 
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From Pralo. S04" ie witotacun thate tne spectvuwr of 
the FM diseviminatov Gutpuat, que Ch steveaphanic 


lovoadcasting ; is as Shon eligesy, 


Noise Spectvuw 


Swe CB) 


Frow (6.83) wei  Kmow Chart the Maotse spectvuwr 


Cx re £ 
Mane) =. aAS 4 


the prede tection Moise powers are easily 


computed. Pot piuthe Lie 404) clannel 


{Sooo 4g* a ch Kp 
Pw, ner fe er Ax No f DR pa) CD BS t75 AL No 
and Cov the CUE) V Ct) cil atHaen C1 
Cala Kp z sz Koy) 
Puymess 203 0a NekLE = 91.14 x16 6iaeeiee 


Thus , (he predetection USSe Power CW tr< 
Arey vey Channel is over 4a tomes the 
moise power in. tke Jisy+ ve) cloaks 
AG tens id chu Calotuess ties Cacho\as aga 

be approni mate ly 20 because af He 318 
detection qaim in ker es Kevewtr nd eae 


tiath oan of the Bets -rtt) eben G 
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Cont.) 


pe ale ehh < attiacy Coat Chel nan | Soavee “alt 
moise is cm the Mey-vcty channel anaes Cw 
high wWwocse enulvonments , anonapheonic 
bvoadcas tine crs Tieihelire preferred Over 


s+ eveapho nic lsvcadicas ting. 


The. disoyviminator egvtput signal Poweyv aN 


eR eed Kens 17) 


Sor = REC h awe 
Vhe output MOLSEe “power ke Ppreewphasis 
es ae oa C 6.94) 


Ki 3 WwW tiie 
Nee 25 hha, oF ( p, - tax’ % 


Thus 2, iy 
de Ro aura 
CSN Rye = Nope = 
Ki 2 ¢. Ne Nw 
Ph =e Now fs ( 1- 2 Tal ~) 
| ( = Pr 
os e ~. W Man 
(eM aitaahigs ts NeW 


Esa hhh thre values used CN Evawp le Gist 
(Cx TSkhey, Weiskte, = 2tete, and 


Namen Ont y Wwe hae 
\ Uy ea P. 
ie) a 
Gish were By MAN NT OD. BG eu 
bes fouancutecl 
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ere ae oi 


which cs 
Pr 
CSNR)xe = 160 Wow. 
This oo pdsiol 22, EB seep eviay, Tar (Gace Lanta 
Khe evroy CW making | the Appro¥ (matiow 
Ceara aaa een) 

cs fay Herbie sahil wor orks! as. Ch Che q (Ue Values 
of C. ese VWs. 


The disevimimatoy output SVR is qiden by 


SF Pr 
CS NR) pels (<4 Wn “Now 


With r= is kta. (x= Ls KHe 5 and Mi = 0.1 


lids Lecowmes 


(ey rr Pr Pr 
CsNR)oe = fDi Ook, Rig Wi hte SOE We 


I+ can be seen that reducing Cs results ma 
Significantly (ncveased postdetectton SNR 

ASS Uming operation above threshold. However, 
decvead iW cGei Mesaths am enevens wu Amp - 
Cificatiow of the high Freq uewe Components 
GO VA ete Ak has Significant high 
Frequency content, the vesult is (neveased 
tvansmitty deviation sas aes imcveased 
Sh satanic Sr re SA Rey tet ir wae poy ant eee imcyveased 
bamd eid th naa place operation feo close fh 


Aho eLcatd, um less Gt cs increased, 


209 


The veceived FDM signal spect vum CS 


and the mMO(Se Spect¥ Vuwm Cs 


a lps 
e He 
The Ke Pinincawel siq~mal cs qives by 
Nie Ct) = Ae Myc) Cos 2amKkFf,t K=0,1,2,... gq é 


The spectvam of this <iqnal occupies Cle 
Fve quency varge (note Hat Ee SSAGWw 

(4k-1)w 4 8 4 K+) Ww. 
Thus the pvedetectiton noise power For the 
KE channel is prepevtional te 

N= Gan Col Clee wT Chee ie Cay 

= tw lack +2] ~~ saw? Cor Kx! 

The siqne C power is proportional Te Ax. Thus the 
SNR is queen by CSNRYO= AAK/K™ here 
h is a constant of propor Komality Band FICS 1Cu 
Rumction of W,Ko, Me and No. TC atl channels 
ee eres Wiehe 34 the saace  Usnit)s , Ar must 


be a lUneay Coy Cee at K. 
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The Powe Se ectre ( Den ted at pecunt 


C) Coss 


SC) 


+ Mo 


LY, © WW a 
The trans fer fonction fren (1) te @) 
a Hus) ao! Cyaan o) 7 > eo ae 
So that luCcsl= 4ar?t Ss 


The deere spectral eget at @ ee 


2 2 an wu/ 
5. (Sie PTS 5 os Isls 
O (slew 


me 
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Ms “sw (2) 


The power spectral dens ty at ‘Ye. outpot 
(Ss fons Mo fh |S eee 


/ 

The output joower peters 
We : 

» 3 new” 

P= J Zag. MSs 27*m (2) 4(S)= 7 Nee 
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Let the vatto of spike motse power to Gaussian 


moise po wey tat eleowonte dain ez Thus | Cen cas. GANOF 


Ale | Ac 
Seike Noise “Po we. VS Ko > Br Ww ele ( A) 
hs es = Ko 


Gadectane) Alotse: impo uwey 


Scrat rade i 
Simce e+ xX 2CD+I)w awd Prt VAE R Gecowmes 


R= 20S Cosy (Pp/Now) evbe (VR/L2(040 Now] 


2 RE OTe aes plat +t ed Lelew Cov Pr/No Creressed iy 48, 
and is Cou (wey 


R= SVs Cer Jt) ev Fe (Tafenod ). 


13 14 1S 1G 14 


a 
lo Coq,, (4) 


The spike “oise Power ts equal to ‘the Gaussian 
Usise Power at aeproximately Pe Na Wurer i iGukd ey, 
For a Cixed value of Py /Now , PAE NRG Skis 2 
C~mereases RK. Thus, SNR ETON aa D Moves the 


f= point to higher yratiwies i tel Cen per / pis ii Tas 
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( Cont.) 


other wovds, te threchstdh Point wouesg te the 
vight eset ear c s Values of the deucatron 
Aetio, TD. 

Tt should beocmoted thak cic Pe /nwleenee 
reduced | the spcke natise power Nai 
becomes nove trnpovtant, For etarple, at 


Pr I Nev. = ISS Spike waise Cs neq (ig isle sand 


at Pr/mw =14 dB spike neise predominates, 
Equa trow 6-11 Ae 


Sgce) = Camry ieee ev Fe (\zés, ) 4 ar ex & TOS.) 
Simee Sr SCR 1) waned, Gi, = Sw , this aaa 
be wWvi-ttenw 

Sy CP) = Gas ee So UN eran eagle “E~ exp TTS =] 
which, Cov 625, scam be weovedtteus 


Bere evte (Ve am )+meew(-5 BY]. 


Now 


Since only the velative awmplitules of the 
+t Lyot evans nee of interest 

A= eee te (Me ue) and B= Fae we Ge 8 tr) 
will be slotted. 


The “wesalts of tWel Caste ay oh Cea Sheep thak, 
Comsidery 285 only + lle Civst teva, A, thees held 
ust ink. e ERM Weg Com of a ledB. The second 
term, TT, adds 4 


) 


tre “alse power And thus 
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Pr 
Gite vaice “the Value ot Fow at. hich Hwesheld 
ta kes place. 

The “tie tevans A AOS aS \ ave platted 


be lous. Ais expected 1 BTA. 


Kane litaude 


Re lative 


13 1 is tl 7 '¢ 


2) Log,, C Ling pos, 


Pr 
Simce EWES: Actives deFLicult TT vead Foy lavge Now, 


e 
eM lva tious a is plotted Anne Sie turn be low. 


is 1G 7 18 
(0. Qeq (FP r/new) 
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Ti Gam” Ge Sseesamrthat “A+R 2 =A aoe wathe Va nge 
(cle ard ss sree ERG, R by S cn Khe Rvevious 

problem shaws that Hee” wesual-t cori CG) Dee amoue 
hte Ie Bott Cee) VOUUS is ene Thus, 
Cue te S= 3, the e€ect gh “iodc lal Cs. te 


> 
(Meweansoug tie (Cera (din aleenrat Pony 


a 
Cae deuerae Ae (yet 
Another Signi Ficant Obsevuation (cg that the 
second term in Cer CALS This cs only od 6 eee 
lavgew Wear the Civst tev. Lt can be seen 
Crom the plot of Bin that’ the di Clemo 
between the two 


terms decreases as paw, 
Ar eG ter ay Smal( Values af P/ Now, A 7S, 
However, a cA RO Values oa€ PU New , trs-e 
System ts opevating well helow Aresho(d 


and th eet tcmct ota lia (i ttle ntevest, 


EN 
wa Fully undeestand the vole of bie 

Net se sacl Wola ly Venema ae Me See ial be plotted Lor 

Seveval values of TBD, and the relate Cand pee 

Citudeg (a6 A and Te ca [Prebles 6.25 


be Sele yee ted Cov TORR ewe at values ol 


re 


OS he 


The instantaneous Frequency ct ek care ee owW Ha 
Qcuenw sea 
A 
Crna Ca tty =) OMEN 


wushevwe MO+) egy ale, BEN Oey YS ae Gaus ch a Villa lain! 


pts 
process GNSS VAWLAM Ce 62ers Cy Cosel, Thus 
os 
—- aoe sl pera (< 
\S¢l = rae a tx | Varo © d 
ere a ae ay fh 
po fe Memane <x 2 ix 


uke change of bawial le s capil tee 


lee ye 
PSC = Ix = As ae ae: Va <& dy = Sx 
VE low 
a sti 


whe we ae Ly e Ae Sosa A/a! has 
Substitution unk 


Dre enn used, 


ahhh S.328 y certdis 


= Ve (Pes exp ( Seay) 


PPKeves cisze 00s., sore banduid th af the 
Palate vibe ua as 


Sy CF) ea Come ete ( (JS ES eI oe. cxelsae,) | 


NGC, ¢ ext, de hshalGaiessosie, Chat. Che 


pre detector 


ee we TE Cina predominates ovev the Covst 


ee eR SO 1 wc ua tay itob e: 


the ovtput BES aCh ie! post detection CUlct se tas 
\ Sie 
Nos = aes Caw) J Ca Su exe: ee 
Pe ay eras Pa vig ent Cle 


spike AAOLS e power ak. 


OCP ays MOC Se 


ateetie bel ies ue Galiwecca aw MOCSS 
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Casatt | 


Ree ‘ - Ke 
No = F(A Nows awit Ga. exp ( ee : 


Simee Sy. Ko Cs: ena ube oo nage 
fr 6a. 
Ts Ee PO es. 
Csnr)y = = Pr j we +2w VF fa ox a Ay ‘i Zep+t) Mayer 


Where we kawe used Pr= Qt aud Bre 20D+) Ww. 
Sence fu= Dw ( We ave ete ly that the 
rmmatimuanm value of Iwmceul cs amity . If this 
cs wot the. case we shall cuclaude tke 


Ractiore tits, CO ww Shame Ca. ey we have 


Ps 
CSNR)p = 1 + CVER RR | P| exp | sae ew]. 


Nete se bie 2s Ute othe ln teed plet CsNR\y as 
A Gare Ube eS PE Cor“ seueval’ Galea 
The and Cow Pare with the’ $c nus 57 dell weeeae 
Tray e OvAey 1 te wale epee a Comparison, let 
Ge Va fo ee 0g tad CRA Ss AN 
the Approx Cidae (1 044 Chat ithe! secetiras 

ak he ey Bet) Predowinates ouer Ae 
Cévs ty rbewaw vais vedas “doace’s Cy" sem een 
MRA d a UR tone ee tie eras fetal CU ane, 
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Egveting She Sirs fe-mus or he 


left- fan f sede of Yh e aheve of vehow 


fiel&s 2 ap Vio B 
tes e ACES [ AS 
3 Add inp tana &. erse ( Ze.) 
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Br 3 Ass aps ) 
See Yr Jf ss = 
ek Fo, RINE ee ae ( Z£No By 1 
Pa 
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Threshol& valves  ws-Fhk LT a G17, 
Goof 7149" ment Ridge, Wty oer @./7 


Caw 


be seer. 
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Genestark ose th UGri23) 


GINE) of ce pbs I AN )- 
a= NoW 
Bice dawust nsolue | Cow ts), Dence) | we yassume 
Mu =O 5 we have Per PR Gwar te We RLS co hNy ag as <q ual 
the pulse visetime plus the pulse Fall- 
Cime , eOokKvekiacs Scmnp ly Tusccew Chie pulse 


vose Cowie: ei tetad 
I 


t ——< 
ere ak sais) es Bk 
Meme taveia: Ceyed ‘rat A quer value , (ena. 
Br = Ge is the minimum bandwidth which 


Can be used Cov pulse Pig A Sintussitiaaw. uso 


Nyquist vate Sampling 
| ( 


—_—_—_-~ 


hse Fe. Cee 
so) that Ts Wt hk. Vhe  peak- te -peak 
pulse displacement Lata Orta ha hich, qiues, 
od Nyquist vate Samp Cina once 
AQaim 

Be ea etl sal al Ale 
Letting es ied te ede yl ond em aw ee 
Che expresscdn Cov CSNR), yields 


(SNR) C2 Waals wm. = By ( F ) 
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Bite ic 
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Many assumptions have been made | mast 
of veuhkioh «would inch be. vale’ ectiap eee 
On Glotte at Pov example, the Sawp lin vate 
ts typical seveval tiwes the 1a 
vate and typically Br>? @. However, 
these assumptions effect only the numer- 


Ceal Value of K, The S¥pvess Useoe 
Br\_T 
=> a ays (eat ee 
CSNR) 5 a hati 
Ve mains Vora ASSUuUm iW apevation aGoue 


Chyeshotd (HBS Chapter 8, Fig. ai tse 
Cig Collis enasiet be 1UG@). extends as Prob lew 
Some ow) hat Eel also Couns tdenniv PW WA 


and Compan es he resuxlts cu tth « Fale 


The signa ( Power is 


Sef 2) CB) ¥e Bl zie eM ubatet 
And (Prom (€ €.130) ae quan tiratrow noise 
Power cs 


A queen 
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( Comt.) 


Us heve my, the eid he of Q quantization 


level is 
10 
10 
ss = m4 
a re 


scuee tke ranae of the A/D Convevter is 
lo umits And +theve ave Grits an quan — 
Tuas. | lewe Cs) OKSy en WE ts the ik COM 


le math. Thas 


(SNRYg = UBS. HAS ys (Cay) 


The eo assumptions have beew 
made ; 

1) Amy de Component By wit: Siqual has 
been neglected (assumed evo), 

eye power “cf | the quan tired Siqnal CS 
CSIStaned eq ua ( oe ue power GF ke 
Uumquan tired squall. This ts equivalent 
Temas stint A Cheat athete, uayeivw lauge 
Munber af Quamt tration Cevels | eid 
RSrICs lavge. 

BVNies csernied Men dente GE Zahn Chat 
the squeal is a dist vibuted 
CatGne ui al quantirat tow (eoe(. Once 
AGacm, we ave Smee Chait ce es 
Lava t resaltc in @ 


{ NS Aww bete 


o¢ quam ination leuels. 
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Desiquate the ovtput of integvate-and- dump detector 
‘ea i +f sent 


ase, No Spend V= -AT4N if -A sent where N és 


var in = ° p few 


Gaussiaw ) Bevo mean 


ECV/+R5 
\ 


(fay PC Evvor/+A sent) > PC Viv, / +R) 


ee Evvroy / - A Sent\ = PC Vir /-0) 


Area 
Avea= PCe/an) = PCE-R) 
RC Evvor) = PC Evrov/+A\ PL+A\ + PCEvvov/-a) PC-A\ 


Hi 


% Pove Vien) 44 PCV > Ve ZEA) 


oe sve avail v « [gas ence eral 
= 4 Jovee exe li(veantvetl av +5) vm exel 2 eatolav 


2 


wheve o* = Ro rT. 
G) Mteimize Plevror) with vespect to Ve by Lakin 


devivative and sett m9 te ters, 


ad PlErvov) 3 { ae 
awe ~ F Vawo CrxeL-idy.-anvyes] - = tee enrl- LCVesntije2l 
=6 


Thus (lg exe Le tdve- ayer] 2. vy exp [- £ (Vee av orl 
Talttons matuveal Cog q cues 


Orban Spee Li/ oi = atyyez “lite bve# at) /<* 
~ Ne (43 
oR 


= 


Seeker Con. Vo g Coes Ve 


Nete that Vs° 4as always negative so we choose 
+A move often. This is veasonahle since tA Occurs 
~move often. Also, when No gets lavge we always 


as we elgrit el, bo Minimize PCEvvov). 


choose + A ) 
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-¥ 
<> eh 0, Mie /2 V,= Y4resho|/D = o, 


P(Ercer) $ jo- © 
(4) Freny Ci. ny PlErrec ) ia = ecSe (A V lo ) 
Cees 
with ecfel¥)x we eC  gelve fo- x. 50 thet 
< ~@ —_ = ane s 7 a 
Crfel(x) « 22/0 => 2.0/6 Ere 
steretirve Cg 


a 
oS eo * ki fer x 


eves 
d sists -. 


AS %, 283 7 POW 2 


Cy) 4A V TM, es consZ/anZt 
le) AF mush «nerease by 


da) The frapulse response of Ktre tke 


-~ 275,86 
“$s 27T re e& AL Lt), We Le SAE xhe. 


Siffer evtpot at fume T for a wench step 
input of anplfu be. Al. The 4, WE canvoflve 
Atel we ALT araleatedah O77 


_ 21 $,% “ 
SWS i FS fens, e ry Ac CT x) Da = eA oe errssl) 
Fhe power spectra/ Rea at Yee $efrer 
output es { TCS te 
Sto Eis se7e) = 2 Ta Ca" 


Sri ey 


ost es ee et AS 


Pg ae aot Se eee 
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Peery sh tC alt) |e ie 
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ae Py a OA se Ae coals a, By ay 
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CD C Cont) 


TEN Se Ct 
CLluaeze ATRL HOARE Nigga eae A vtteventfiate 
Pe a4) respect tb $2 andi wee tee egvel te 


2evo. Yhen solve for Sy) This yrells 


oy -20 45, a) Soe 2 
2 ste mrgee ne 8 eet 2a Mr 
AS; Ejn*y EN, 15.) 


Je thong this eg val te zero an gee ic 
for £, deel Qs 
. —~27s T —27 yey 
EDEN A Wes Pi helawH bY Mois a 
or woe ¥4 Cas au S, 1 use Ahave. 
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ot & ects Yhe rable. 
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(A) Denote Outpyet due to signal as Solty) and output 
due tt. noise ag nce). Them, we desire ‘to 
ewes ssceal / £3 ces. My 
Pearse 2 sey nexttS lee. = Surseey me de 
BietiC 21S a Rn ty \eese Rue Pes LUST Ss. 

‘ 


Re N 
PES ur (Akes > (tascest aC. 


Thue Jinmlte 
Petes. CP Ts bee | Soo SYHmIE ©” ae 
EF nde ~ Ne ‘i ile) Weve 


Sahisave's crequatity states: C6 Comgendal < Ceexdx f qrewmde 


wi th € quali ty w hew Fox) = cacy. 


« ad ve 

i, Leste. fj seer stcerde. 6. Hacer HE Cerde 
pe i ee a . So EC a PMT eae UPR REMFSE TAT Ea? Me 
EP uscty$ — Ne CS ater we ceyae 


ad 


2 
rat ep o sey S¥*(ED ACG 


~J2ar Cte 
Panic Westin 1 Ande. ma lov Wen Gs s*eye?™ : 


(b) hm ty = SiC te =t) 4 | a oe | Fauviev trans Conan 
of Hace) an apply ing time yeversal and tine 
at theove ANS. 


(c) 


rT t SLY = rae te i. 
Fov tesa ¢ Wane (tY 20 cvery where, 
For to2 A Wawel ty): ny Cov os tS Me < a) elsewhere 


Fox te= TS Ame Cty eA Cor Neva 1a aE Hits) elsewhere 


Farin, Testcia bel a WeAnenct) A Cov T 


1A 


x+S27T ,a elcewheve. 
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2D) ( Cont.) 


(—) 


) ede Gey a Qi Sy ee Ae: Ct) hat = ess of) wy (ot elas 
Fox to =o « Sut.) rs 
For tet Wa : Sol te) = + AT 


For tor T+ SoCtJ)= AT 
For to 27: S. Cte) ALT 


Note tkat to Should be larger han Siqnal daration. 


Gs) 


CAssumetoa vealiaasle wmeatched Pitter .) 


S,(v-t) ham lty = SCT tl S,(1-+) 
(2) 9 
te ~ 
-A T=—te 


z 2 L ze 
(6) Using Equation Ka ot Shae f . Csuw sco] dt, 


a 
Salt yas: 
Cvaphically sae C52Ct) c+) ] 


Dive es bo \Vce 


Note Chat AMOK CMAN of $* oOeturs at t=lh. 
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Gs) (Cont. 


$ 
(Ce) Pein a Us 2 J) ) To MINE Mise USS MAX (mK we 


sate 
Sele aes let 9 tae Tad ag and) « Readl SauN tae ?. 


(d) Corre lator receituer : 


Slam 


ov > Kept Choose Sact) 
Salevia 


Comsi der! Chie System as shown helew +: 


Lhite Noise, Psp=Nolz 
e Nete Sucer= |Hecesl Neve, 


ov 


CT 


4... lor 
Sz lhe 


S2ctt+ ny 


white Mose, os 


Pso = Ney, 


We can analyee as before Cor White MOLSe, 
nS G oi oe V7 
Pe=t evle Li whene (‘Sic Lee §uiccey > dct 4 
and Glt\ = Setty - S CAN, 


~ as aye Zz 
GW i erg ea C0) oi, Coa H.C) Ls.cey-3.ce) ) Hele) = V a, Sw CF), 
| IN] \ 
2 Getty > utes Lsacey—s,ce3 and Sa 


Pe = + ere [se$ oe Tan Is.ce) om me ces \* ek v2 | ‘ 
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Let r= ae SNR. Vhen the exevesscons Cor Pe For 

each type ae Wiainis mistiom ane 

Ask. Pez YerCc (VR), 

Psk; Pez YW erGe (VGawye ) Cor wet Craction of power in 

snp e cee eve (Vex). Cavrier, 

Fivst lets Cryramine erCeCu). erGe uy 20 Vita onal 

Solution by Cteratcan Gives 

evle(2.209% 2x53 ; 

ere Cage 2x04 

erGe CZ.022 r-K10> 

(Qj fer ASK, FSK ! ¥en = 220 => 22 q4.te = qigame 
Fer Psx  V.q2" =) 2.20 Sy Ess SSP = NT See 

(b) For ASK, Fsk N22 = 2.04 => 2 =13.94 = 1.44 dB 
For Psk V.9z = 2.04" => oe -= IY? =) S39 

(C) For AsK 


Ae hat V2 = 302 =>>Z%= 19.249 = 12.61 AB 


For OPsk INGGz -crisiod => we (0.13 = dodo see 


Sal WG ae ee gated 
| 22.Sh0 = 
(asi Rene) ARE Ce (V2) =e /ecce Gas) < Tey Ca = 206¥i8" 


(5) Vien) Cia.) =2.5) =p Ci-w) +0.5 =~ me 6.701, 
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The vececved waue Fovw, Cs 
Xu = J A cos lust) +o do ste 7 4) 44 
Mt) One CLIN Dee 


_— 


Where. A Gn a CS ushite ~ Gaus Can ADS wi TR 
pswer spec twat density No/z and (he 


rece tven St victGto nh cs 


é Tv Nitin (Sa 
Xv Ut) (« ve SESE ae cael 
Rea TEP ara a 


2A CoS Cutot +8) 


a 


Roms t aie (Cimd | the 4 conditional icathut at pont A. 
Let c=z1. Denote tha output %.. 
X, = ( antce s(Wwoet+) Co 3 Curet +S) dt 

v ce Mit) 2iA cos Uw. tae Yue 


epost p cos lo-6) + N, 


uwherne Mi Gs i Gauss a 
We A 
ee ae Ancose Cecatel dee 4nT (No/2) 
= AYTNo. 
Next let «so, Denote the output Ko, 
a8 x 
poe GC “(t) 2A Cos( Wot +9) dt = A 


where. Nite las Leove. 
(We Grand GRAD hegre Feet G KS oan CAA Cola 
Probab <\ cites of evved vw, Howe very : this 


Case cs Ades CCevent haw tng es bet + be cacy $e 
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Certs) 


the pear Oa i ete oan Be Us wl Ceeueaet Coy 


each hype thesis , Min alk Canltd ee eee 


~\.yow probabilities 


wus + Le Computed, 
Note tht 


Prez PEL ELEY Pe c= h & Pr¥Elez0$ ipa cain! 
Fivst GI compute “Prd SWirs By 


eyie  qeanhe Re AZT /29 
= Pat Aoreos(ese) tN 4 Atr/2$ 
= Pe 3 NM eas 7 ore Y2 ~ cos(o-6)), 


=z erfe — [cas Ce -8) ye 


Ei picts ee 
Note. kat Ciro 


wade 


Jz [cos to -8) | 


assurnptlions Lave Geer 


CK OVD rae at thee (ast 


EXLPVESS(ON. 
A 
Fivst , we lave Ass umed Ss = 


S cos: (ie 
we've Cakerw 
A isis See ster hot eee sruce 
tamales only Arcos wat Gov oY. the ie 
Next we compute Pe SE Yioe 


Pel Ef e205 = Prd N 7 At2% = te evke CV), 
1G Se PANS | 


solely ene eu ssh R Uso, 
Z= AT/YN., 


PelEeQ = by ev fc 3 20? Leos(a-8) lS 


+ 7 evke 3 V3. 
wheve ye 2 bts oy = RLca} 


Las Leen used, 
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Fer e€ackh Case a ! is used For yelerence Wirt. 
(A) Message; \ l oO i ( Clon Chaee) \ \ ‘e) 
Encoded: | 1 \ o) ro) a) t oO { ! t om 
(b) Wessaqe: { O \ re) { oO ( ra) { Crs at 
Encoded; | { O { | fas) es) { ( Own 
(c) We ssage i | { \ ( 1 a) oO ) ep Ms Blgrhcat 
“Emeoded: | | { | \ \ a { a) { a) | 
EE DERE BRIN) HEATLY ye 
Pe (Pred = zerGc (VE leosds) % 2VTTE IcosdI 
Pe Cvesxy = 4 de 
Pe CoPsnx) = 16° => Z= 10.82. 
_s ~10.82 Cosh ie 
ae CPRK) | ht — 1 e = LITx1d" JeosdGl. 
Q=z 10,82 


cae iteva tively qcues d= 23°. 
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TYPE OF SIGNAL 
SIGNALLING Serr 
Base band +8 e 
2012 
Coherent ro) \ - tr 
RSK A cos wet ame — 
PRK +A cosukt | ~& 
eC 


Zw Ci-we2) 


wre | cos?) 


Nomco herent 
ASK 
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Gis) 


S.cty= A eos wot anit! ait 
Sitty = A cosCwortaust oO 62h eT 
Then, 


vs 
Neca. = 5 A’ cos Wet cos( ure + AW)t At 
cd Ce Lcosauwt+ Cos(2u, + 4u\t3 Lt 

= Lr laa smaur SRT SinL2us+4 aw)T J 
Naima «cite an Chat, c.e-landi tt paver fixed Vand we 
desive te minimize VEEL. with respect t Aw. 
eee nO Zc is lavage Com pared tG ar 
AW we amg ht choege <o Chace. te 28 Cee cs 
‘neq Cig ible, Theal 

Sevestesc es  4apt |. yas Sin Ager iad ak aceiis ace 


Frow;w tables the SCne Crome tudve takes On & 


MOM Ca of Oise Nts Cae an avg yi stee ets ate 4 Hy 
co MimM CMe oe VE.E: Pies sat C4706) 
And daccurs wher Aw = (3400 Zn! 
The Pe ucth ov thogonal siqnal Set hes qcuen 4 
Perey Cosel toon § ab eecteE Ela po 
he ments weth UE cay, OM Pix cs qrver a 
oy ea ag 
where €,= E, = ANT. 
cas ; tHe intyeas & ww SNR is gq cue G 


L+ .432 ~{ 
ao 


= pager aa AG. 
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Gu) 


see! Downing , 'ac4) 
The rece cued waue Coven Cov DPSkK cS 


Xv Ct) =AM.Ct) Cos we ) +t) 


wheve the mnotse wave ovum wit) Cs 
euhe te >») Gabhes faan nose Got Ge Power 
sp ectval density Noa/2 ; and MiCt\N CS 
rs WR Bet sietreannh Hae. cs Computel bY 
dette wenn Gatly Sai sal by Sheiclacbad Stream, 


The recewen <tvucture (s 


+ 


Xvi) 


The Probability of errev Sy PCG) yes Computed 
ae © PERS Oe Gl Las adjacent cnpats. 
Deraterit Chee As herds s th amelie 10 


Sate tes > hasov diagram cS SLE Geldan 
3, 


S2 
Te 


Reference 
Aeosa 


Decision 
threshold. 
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Cam) (Cont) 


Vitter tatal “andise No cs bvekem’ into Gus 
Cow ponents Navan hh O'cen teke mage. 
(ndependert and the divection of Ma 
beirase Cul in | RUE) ccd pn ulat on, 

Note eee & Coe ihe degli a VW ire eet solely 
ba Hoe previous VYeception Si, ( This 

i" oro CR Re rene cee) weistec o 
che  besk moddlat low sehe we Binns k: 
gee uat, we Fev, ta -anotkevw, Cixed “el- 
Crence eae wececuer. } Alsa, A,6 
and N ave ~velated 46 Eamnd No as 
Quen presently, Also, note Frown the 
QE hasov diag vam Chat am evwr ts arate 
Stier Noe exceeds A tose, 

Ee eaw oer) sko ww ero Cha eG tl<! di Ceca lty 
(hat AVE pitta Wes Gauss tan coith 
[Lh =6,, Sta. No tamd, Bpcrts, 2. vandenw 
Vaviahle  Connespondirn t. the phase 


o€ a q pPWwAsave plus additive Cuhite 


Anusstan noicse Cy Cs ak) aes’ ASURR 

a . = Cosed 
Ny Be a A Ss is ie —(E/2No) Sito ( ahd sre 
Cotels ame aVainn, ©2sO © © \ NRL SK 


Now PCE) Caw be writen 
QT 
PCE) = {. PLE 7e) Face de 


and 
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Gua ( Cont.) coo 


| Bg asf) 
PCE /e6) = Pe 3 Na > NOR 6h ( Vian d x 
E/No COose 
(a ! ~Ky2 
Pele) iJ Ver Case Ak 
V E7N' Cos 
cei Tg Linke yale ~K2 2 
7s ie Mize) a WG pea 
~ KY . 
CIv ck A SS As & PSiewves Ques 
; VE/No Cose Kea 
PCE Le) ote co Papen a geen 7 
wv "=o PAL AH 
Es ifs Bie ees Nera See ou 
era 22 Ee che ZN OAK ba aon MU! (2"41) @ ee Cose 


Notes that | oe Gy ts) an) ceuen “Pierce 
I> CEG), shas, Jama ticuens baad (odl} apacct q (Ven 
ae 

VP Core Mie Gen Sn Wane he port 


(-1)~ 
Plefe\ol. = Wem se Prant sar Gamay (Vm Cose) 
Now we integ vate. te es Pce), 


Ww 
Ce) = Ak (Ce) [ PLE/6) even + PCEe/e) ois | de 


(( 
oe , Us C63) (PGe/e.) tus a died 


an 
SPAS (pm. cbs | ave Tymmetwic a hevert the 


Ow iq Ai BUN DAW Behe 
E 
fee Wi, Ose 
a or oe “i 2Ale sire x ' at, 
ee: ce = Cosa © Yam © dxllajdo 
— » ose 


133 26 
“)*=2No +68, 2A Son _x% 
PH Oh tat RA ho or 2MTNe COSUC fe ae “i ¢|(sde 
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Gd (Conds) 


We show that the Second tevw in (Res Express (ow 


be eves Weir cuincte 
VE/Ne Cos® 
Ve/ oes tye A if bee my 
my Vin x SOS. EIS Vin 70 


LAAN | 


ute cube ere anal aad Cas eal at Ly 
Ze IAT, aa Zea! (1440) (VE, cose) 
aco ka st tev—w is odd and So s(me ek 


(Ems) sit : 
Cosa eC Cs Venn this A oe sak AS § 


wo font yibut con at lade <q wa (, Thus 


PRe\ = toe Ce ys : 
—T a! ne de, 


Fema U( 4, tiecaww Bem stioc~ Haat the. lact 


Pee Heth C2 PMeSS (O25, CS eee (lcs 


=F. Sint, |e 
Pel Mathaccmawtiebers cbhathiue Cs percoadic 
tru 2 LE and even. eA na Wh Ney ts, 
UIhile Cas 6 DCN tid Mik cin onamaelnn adn Chantel: 
and odd aac, pee ORG oie ka wee Cove. 
Be /2 KK 


Ppcey= aces 


Evvovs fend fo c ust er Ran Ces Cov 


DPSK Lecause LE PRye ad vac eact Sym bols 
GNC highly co Paecubetient? 
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Gi) 


tr, T 
N, = 0 WLEY Sim Wot dt N2= ie MULES Cos wot dt where 


wLt) cs white gaussian noise with Psp = Ne/2, 
CRNA, See eve, Sin wir de Gaasw wsR dB S 
re ER ig cen M(B) Sim whee? Cos wR de 43 
5 Gre Fach Lays tet diag ess cee 
= (Ciccone Sim Wee Cos weB da dg 


=, A pinkelte camer dpe s \oh scene 


me OS because we assume We = 2K T. 
—M™i 2 C+) 
Ci ~ faxc'Lmey CEVA SS ae 1i3s° 


MALS C+ incovyect 


A 
e Cov 
WAi2tA) incorrect 
eo 
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Gi) 


Note that Ringe | =ACrzr) ts the autecow 
velatlan Punc tion of m:lt) , Where the bot 


per tod sry OE No w Vase COL MS CE) JOC ES de- 


vived by sevial ~ To ~parallel convers van 
Oat Ni damd,.i/54  thaue biti; period /2T awe 
Fevst need te Cind the autucoverelatiow 
Cumctions of malts, Me) Which ave 
die mated Ran; Ct) sig roma CR) + Wel note that 
these are 

Rite) ihe ty eee 27). 
Hines Gollouic, Scnce Raitt)  vesults ie acek 
Temi warndoaw. \colmscoss +1 Sequence, Note 
Giga. Check 

Rome, MAb ta 


and <o Mi, C+) AA's Le ne uncorrelated. 


) 
(a) The transmitted waveform © 
Xect) = Am, 44) Sern wet + AM2t) Cosact. 


Thus the cutocovrelation function 
Rice) its 

Realty = EL Yact) Ke lt4+2)§ 

EVLA mateysen tact + AMalt) Cos wetd 


MN 


= LA mitt 42) sen welted + A Mir (442) Cosece eee 


rn} 


A* Renz, 62) LE cos ukt — £ Cos Wel2t4+B 


4+ FCosweT + FCosuclzt+) J 


tl 


A? bem CP) ees ke: 
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EE NG ees 
Noting that 


Rt | ANS Sh Dos ees er 
and BPE ey the modulation theeven 
ques 
Src) = AT L sinc 2706-6) + Sime zr 4he 
This spectrum is Shawn “below. 


AT 


Fe 
| t | 
Se 
Power Spect vam Pow bimaw y 
PSK WREN pat Ut, pene dt us 


(5b) Note hat the 


Az 
me Ng iced erat sine mm @ ta V9 SemeT CCS | 


and as 3S ho waL Welacd: 


att 
Y 


Nhus) | the -batdand "Gl Qpset i csi) eee 
OF OPSK tet eBoe equal data vates, 
(C) The data voters “Ste GipsK inte 
Chat oF = pst 


tustce 


SSSS5°0 
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(QQ) For PRK 


Pec ‘hn ECALAN ar | 


ZNe 
Pe. = Yo exe i V ans I; 


For QPSK \ oe Rat, represents enevqy Rev quad. Chanel 


y 


For QPsK ; 


For PRK, T must be 2 kat for Q PSK. 

e. PerGorrmance ts! the! (sane, 

(5) On de Gasts of vemavikls in (Q\, we See that 
PRK vequires SiS Wore edt to achieve Same 


ev rov pev CE Ae: : 


(c\ Bandwidth , System comple rity. 


EA aati rea tle re, i= 1) ores Pe, 


Approximate Pez 2Pe,. ay 
t \ AT | 
Bie Evroy ter wa cs Pe, => i Z elec ( At) 5 


Asi APPYO Kirwma tron Cov eve we have 
=) i i] tr oa 
Evvov = € = 2utT S usheve “ = J We 


aoe Leu Ne 0A - ZE/Alo 
State = ynre/No . 
alton! 
GINS a Ole Ear (hea C.CN ( Pe =1.94x18') 
EINe aa 1 Stk re S24 8! ( Pe = $.33x 6) 
E/No = CAB — = Coa kia. ( Pia Te Rios 
EIN eA LS RL Se ungte Reh (eno Crcaniss) 
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iHte)} - Jur ee your oo \ eeece 1 


cs the serral Lata sSegvence., hese are 
Bemultr plexeL inte the two eara lle] data 
ard aed wee: 


tm §= 218 © Vel (one 
smerdc DSU ey te oe 


RFD ile Wh ONT? SC i a Beas oe Malate 


Streams are aligneR 
Mi} (tJ 


mer) 


Multiply Khe above ata sfreams i? Cos Wt 


ank sn wt get tLe g ved rature signals 
which are ahDPeLh te pre duce the QPSK 
moLulateQ signal. Cb) Fer ORQ?PSK Me 
para \le\ Lata streams are offset by Te 
Milt) 
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(Cont) 


These are Aearn meu ltip lieR 6 cos uw, t 
anf S77, 1 eS te preofuce Khe molulateQ 
ORCSIC seregnal when. adhdDeD. 

Ce} mMSkK-IXL 3: Moeltrpt ORPSK Wave forms 
lo Sin CWEST) anD cosl(ust/Tr) 
Cay msl -T. MNitpl¢ OR PSK Wwaveforns 


af [ sar Cwt/T)| anQ leos(wtsr)| 


Tretles Qiagrams are steetehe XD low 


notin yaat ins fautancous excess 
pHrase cs 
cath Meo Ct) 
: a serie aera Oo 
6; lt)=-Tanw wes | RaePsk dq OaPSK 


OTe.) x tA R LL Qc, Lt) tan wt [ae ce) | MSK 


27 


im De jo ot 1 Ae Myst OC or Ww 
2 4 
mo 2T 
QPSK 
7] 
31 /y 
SN /2 
é 
W/¢ 
v 
* 4 by aT 39s t 
~% 
” 
» 
7 WH. 
% 
\ -30/y 
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C22) Cont) MSK - phase treiies 
3mr/2 


7 


Excess Phase Cra) 
9 


a I~. 
Pe (wWefke scale echauge 
-37/2Z ~ L S$rem previous pay e) 


CZi2Z fer simpliety, IFS séngle — she 2 Spectra 
Conversion frlter; 12 l$)= 3/nc[CS- 52) Th-0.2S] 


PRK Spectrom: 5) U5)2O sinc [($-5.) ht 0.25] 


pip & O Ase sinc (4a 0.25] sine [(4-$.)T -0.25 | 
2 Ate sin* GS) + @ Jet [ls-5)T-F] 

> T_T! Et 
[wls-5 1,4 wl ims ie a 


Since  séanlx ty Jes‘Nx cosy + cos ¢ scm vi 
Sete eet ane Ps fae Sse 828 
Me a eae, maT Limit Fe 
We have. 
2 ree % 
r AT] Lsinax+ cos x] [sina -cosx] 
Pins (4) = 


20%) * Soe rae: $)\ (6 -) Tee 4 
eu ey eM toh Sei Nt Co re: et 
Smeg US) = FAT [se ltS- £)R]-cos Ir G-5. TE 
ir [+(5-s.T + (746-4) -1}* 
C 2h cos; (27 ($-S ae 
| That Rue ave (525.5 le 
SSS 
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Gey 


Rte ne tho Misalut tascdi ts) eaten te, | ob Tatty 
US CG ensemble avevagq oy and gq this Cs 
the technique used here. 

Wem Ko Gy | Chat eet ON Cle Soy Core 
meed on Ly Pee ea ie pean, like St Ply alg ef Alsa, Croan. 
sy mame tyy Wwe meed only Consider of 18ST, 
Breiiipevtod | OF). a Ntupical wave fov~an and 


a switted version Cae aaly AAW inte. bona) 


Peace rt ti lose ta C qewewa ity y pe 1) assume 
BLA) =r , O46 6 TH. FuvRevwsre, we meel 
only Comeidew?) that Povttiow tat) the 
beni boven | Sho Gime once olKer contwibu- 
Pinter one 6 tenon Poon th bh tov ihe ei dc e-ied: 
Thus 

EL xy Kt af = Pee ae Gra td awht <> 

~A*CTV-*%) bp nea 


See bee acters Cal eae ona 2 


SUD iat Seles at 
O Kiog feo & 
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C123) ( Cont) 


aye C rictiow cs > lo(ted be low, 
PU) 


Ax 
Zz 


In tevms of tion lox) Fone ieee this 
is 

Re 2k Gay ATA Cee 
SO Were 

AoC Are) ree gta Sancete 

the Ppowev spectval density of eet 
us 

Se (CV (Auta Ragerter | cua seca 
This Cumet ion CS plo tte below. 

Sy LE) 


z 


AT 
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Gu) 


@) Givex dit} a vandom sequemee with Rary= out : 
It1eT. Comsidev yit) = bis FONG Yeyare ee 
where @ us uniformly distvibeted tr 027 
and Crdependent of dc. 


Then, 
ats 
Es gt) c++ WAe= ES — Lie dcey [14d Ge 42)] Cos (wot te) - 


Cos CwWet +e eS 


ae 
= We 3 Cisdcet Lied (e421 § €3 cos (oso xe Cos( Wot + Wet +S)t 


1+ Ritts Cor €F du 3=a. Conk Csee Chap.s) 


oe Ry lt) = AL I+ Ra (av) Cos PE ge 
a trans ee theorews \ 
x 
Sy tv = SLEsce-cey + Sill) + fe SAL C-Cal+ 4 Sy lCebeys 
Exar rauviey jAvanmne itov-2, fables ; 
j 
Sac@\ = Target Sime Care) . 


Thus, Wwe Cam sketch Sy (FY 


Sy Le 


~Ce -Ga+ “ C;. Co4+e 


(4) Consider yct) = A scm Lew. + Cos ‘wd Ut) +a] 
Where dct) and Ryalt) are as deCined cr 


Part ca\, we) OND Galera Cevant houey) iO tte Ut; 
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Giz) Cee eh 


Leki het oiitge* ae Then we ean write 
Ry 2) os Es ytt) gct t\ = ESM simLuct + Kdury +9} ° 
sin L wot+wot+ Kdeeevacht 
\e 
= eft cos[kdety- Kd ce 40) — we ATS 
Xu 
= e3$ cosL2wet + edoT 41CILt) + Kd C44) pers (' 
This terw ¢s zero since E Leos Lesa} 
és zeve W Ccty. 
xa 
She " = Cos Lkdity — KdC 442) — ret] § 
iy a 
= rf Z Cos LKALt)~ kKdct42)] cos woth tE52 simLKdety-Kdlt42y] ciwkaeee 
at 
= E $ = Lees Kdit\ Cos KdLt4T) + Sim KdU4) Sie Kdl4 4%) J doseaene 
a 
+ e3fh [sin Kdity Qos Kdlt4%)— Cos Kdety Sim Kdit+ry] < cede ee 
Note that since dew = t1 only We Can write 
CosLkdcty] = Cosk = Gos Leos'w] = m, 
Sim Ledcay] = dcty sink = dtty sinLcos'm] = dary fin. 
A Es yet) yct+ ah = cae 50 eee + Alt) Alt aD a re Ces wet 
a 
+ e348 is [eaiieaediay ae PE d+e | seme 


Nay Ai 
i= Coswet + Zz Rae) Cos wet, 


Note that Ee 3 de) Are) has Leen used. 
Thus, my Co Clows Paar & 
sytt0= TEL sce-cc 4 Seagal) + UE [sye-00) + Saceatas] 


un Krew & S4 CENT Ce maxes qrven nr Park ca). 
For uavious values of w aes ce) cs 
ats 
Mmrot SylF) = PSaC-Co) 4eSalh+4Ceh 
ae AC RYVS 
MeL SylFV= FLCC) + Sela ld + [sgl¢-Co) « Salheo) I 
< 
WVA={! Sy CH) = BAGS PleaeSCGec,\e 
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<a 


The plots a Sy Ce) are shown he lew. 


s4() im ce) S4t8) 


an te ws I 


-&, cx ¢ ~¥o 404 ; “Fo ae ; 


Ce) Combine Che wesults of part fay. 


Gt Te Shou that 
Te t Be tin 
F bcos Geet OM Core? t= ——s 


Fors weele 


Pe Czar. 5) 


Vas C47 5 )> 


t/ear iw 
ae RN zt wwe cal hs py 
ODN ANG ae teal Gace allt Maa 
Vse wv.) ~~ vr sinclSet) weer 

ye 2th an he modulation Yeo renw ie 
wri fe 

Tet 


t = > a 
Sly lan) =—~ Th sinc [L21NCS- /4Te)| 
+ it Sine fe Cs + V/ ap a) 
Kewrife the rigat- Kank ey Dem CR HS) 8S 


ene =f Sin (TT SE) | sin lentes al 


— —s Tw 
ari,s— 27, Sa 


COs 


Jince. Spun a Gay 1p S-\e =) siticos (zim es) 
eae | cos leants) oo Ces Caw tS) 


= w 
arty 5 - © SPH rh ao 


TP ET OP eis a. Jag lors ert) 
1 er yeame as ay Ve aire ality i 
ret Ti Deeae'S (z3wty $) 

TEM ties eae is os Pas He 


ooo ello z= llllE——==llea=SESESES=E=S—————————=—_SSS==| 


250 


Ne lt)= Alm, C€) cos te & + mle) 3/4 Oe = | 
= 4 fe } [mt-st] exp wet) | 


Therefore conse ker yYthe complex basebauQ 

segnal mléy2 [m, le) -Suiler]A 

Ket CGlS)= PSD oF mit) or, srom Cs.c) 
— 7 2 

G65 Sm tien Ag caboose Lie ie 

7 —~ © os ied 

6s a fen Fiune nterval cerntereQ at C=O 

an m.ces= mt) Ree G en NE ket T's (2K41)T 

so that Fi es an integer aeltiple of 7; * Also 


where T/ 


let maclt) ok set a) 4 es 
-E [ax ple AT-4,)-; by [ CekT-4)] 
see l72M6) an (7.117) 


z[m_,l2)] = be ia, 7 plt-eT-4,)-5b, F[4lt-nT-d I} 


Ba? Pete amae | Pts) e 5 
PE glt-AT- 42): Qls). > ee 
where PLSIJ=F(pltt)) an, Q(45)= #I ete) 


Thu s 7 [mp lt) ] 


a jem 5CkT+ S,) Z ni 
=2) ja, Prise +b ae 
R=-k 
rented: tabi EI 
x [ag POH) Sees Qs) itn Se 


where he evetbeael denotes be average oVenr Ay, 


ba, 4, artQ Or, Fut f2 3, £b«S, a anOD @2- 
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C72D)(Cont? a A, &=2 


are én BepenLent ws My AION ons © 4 x 2. 
BDI babe =) 6’ oon Berefore,. 
kw be © kth ~ AG ig Shoo 


J 
ALO Ge T e. of yte Novble sum can be write w 


(ACm,, ce) I | 
~y2TF(K- 2) T 


In uv 
122} a, a5 15) € 
mittee 
tas 2 Phi he Sy 
+ lo, lo, 1A) e 


R, L=-K 
EB 2 2 -27SCK-2)T 
=22 AS, plsdfe 
da, t=- le 2 z —y2ir §(R-2L)T 
tS See (\aQcs)le 


K 
2 Pa edgy + B lacs} 


Re-k 
a 2K 41) CA VP US) 14 BV Qcs)1>) 
“ byte <6 

Vote rhet tn Yhe ahove Ono = ©, REL 


2 zu 2 a3 

2 ae Qed [APCs pe BLA) |> 4 
K—7@ C24 fp eee 

"(ove Be enQ 

oF interval 


Thus, 
6l5)= & faryecsis BLQU) 4 


The. re Ruere® ex pvress(ons are. 
Geen (5) = ets sine” (1% S) (Zr) 
Caese (s$)= ama sence" (27,4) ves (21) 
I@A-T cos*(zw tS) 
e £2) aah cleat (Reet Uae aa 
MAS Ic C 7 Th he C47 S)2 G7.1 ) 
Art plots (shown en the Followeng prze) 


have been normalize 2 me @a OV] 8 yy er 
Value et one. 
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Ccene) 


P21) Vso, - )29e7 foszradc 


Qs ke, ORPSk 


fT 
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Use Plots of Prob. Po Lfi stank end (ose: 


Mehulationw NMoll- 6- A, {| 


FOT> B/ 77% BW 
x 
ype Bw (-10 26) (-20 26) 
PRK R/Tp |. 6/7, O/T 
RQESK,ORPSK 1/T, ©.8/T. pT 
MSK aay) ©.8/T%. (iP eoAst ge 
Ratios 


on terns ot BW: 


Cr tere on 


Most  Effircce nt 
NWell- ty - ff 


QPSK 
907, Power Ceatacanenc QPSK or MSK, 
GAT, Power Contacnment MSAK 


fn example <s 


sheuwt be loud 
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G = Var Cw) 
oe) * 
ALES deg Cole ee 


= JAC) Ay Chan) 22 
-&o ' 


En terns eS the PSD" ot nC €) tome 
A la ? 
@o 
TNE GS) LAID as 
Aloas express Ax cn terms e+ the. 


Transm: theQ sco nal on cepaee 


From (1.134) 
the trans oy ted 


scgnal aS 
ote) <8, Aptes Ghok MD 


h=-@& 


Frem Problem SAF, the, (PSD 9+ stage 
ségnal cS 
, BA pe By = 
Sts)" a vac (And | H= U5) | C 


Var (a,.)= | 
Loewe. Y 


oO, Velo Sil Aes s = Aere. 
aoa per ees ius 


sine 


f= T Rve oR SO G)IAS = ne V Hels) [OF 
MEN) CTA SS) oe Lee WA oe er ahs 


i peo s 
ot AL u 2. 
VHEUOTS AT) POSE / 1H COT He CSE 
Jous 
be 1 i? 5 

E&- 9 CMS: aA ere aia Q 

if pe Hoes He CS) A me 
av 

PU LeCS 3 leet ia 
Ao Ey I Se He Ot ARSE AS 
gt 


| 1PCSdP QF 
—- -— Gs, Ss SE 
A> Ey 4 (3) \Hyl a asf He CS) 7 | Hype 


255 


(Cont:) 


In Schwacrez's (ne gua I 


eo 2 ©o 1 “58 
| f xcs V5) & s| < § Ix csr las fives iss 
-oo -—6oO 


“Oo 
Wy i 
bet 1XCSIL= GUS) Leds) 


anQ let [YC [= 1 PST / 1H el) [LHe SD] 
we then Have. 


Bes [KT a UN ee eG ase 
Ooo Gale —*—____"~"*" ae 
a cy ceo VR SCs Dl 
wi th eguality c+ and ote cf 
1XCH[ = AY CS) 
Cov. 
jek 2 (Pr Us) 
n SH (HelH], =k PHeCS) [He Slept 
a as? Ate 3 Ree oe a | 
\H x Carlie ooved be) LHe C45) 
or e iy Wenger) wien 
o SS Tie ane ie ake Rif: 

By, des GUS) [He Co" 
Oe eee arlb(trary constant 
From (7.138): : 

Y. Lee 
eae a Jl iden = edge Bs Ay RCE Se BL Se 
eed bHe sot 
Mm 2 
Fro ie ) ’ iy Cs Gi C4) ett 9s] 

Apart ibe fe Wes) | 

Theretove. 


IHel>)d| 


V2 bast | 
SVG br), PA CSy)| 
2. (€)= @ [fe] te 
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(HMw 7 (9- 9)S09 V0! ww aed 4 


Laas ina ee (@-9A)s99 (mPrw = i Ee i SOD \HDAY 
bw ~ (e-9)Sse0 GW Pw SacI 
be TY <— (947°) sory 
oo OG 2a Oh (ee + 8c SG 


CO AROT 1? >: Sb 


- 


(9-@)h™s 


Aa\)d44) yw 


bon4 h 


= 


(etiwr 29M soo = 


— 


(Qh $Alh) Ma % 
ADD) dopymyy |[(9299 JS09 (MRw y + 


2 ae bs A hay \9+7°9™M) Ws Ow = any 


() bans ™ * (9-S7 hws (oh 
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tear 


Multipliey 


Multipliey 


Ez 


Tn the Following , the-> ? subsevipt is suppressed. 
As Input is 1ct) > Wyle) Sin uret4O) 4+ WiLL) cos (Wot +0l 
B, Bit het inital VCO output be 2 sin( wet +6). 
Then Ke, ces = 2 Sin (wWor+d) se we CeS 21e0s Cc. & +8), 
Cie PxXa lt) = KCt) Xe ety = wmL4$ L Cos Lo -8) — Cos( 2ut+S el 

a wd, Lt) sin (@-8) « Sin(2 Wot +046) 1] 
Crt Kercer = Ket) Xe cey = micey LscnCS -e) + Sim Cawet 4045) / 

+ am1t+)Leos (8-8) + cost 2 Ut +O45)4 
Bi) Xs,tt) = LP? Xe, 44V% = mic Co 3(@-S) + Wit) Sin(S -8) 
Dat Xoile) = LPL Ke, cage Milt) Sin (6 -O) + U4) CosCe-S), 
E,,£,2 Nete that Icosce-S)yI>715in(E-S)1 so 

Kect) @ mice) » Ke ltys ~ mirt) 

Fis Xects = Xe,ct) Xo.tt) = wats SL AB ay Coreen eel eB) 


1.0 
Fet Xe ct) = Le, cty Xo,ct) = Mitsymret) cos(O-8) + MEL4) sin (O-8) 
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G32 ( Cont) 


G: Xect) 


Xect)- Xpled = 2 sem (O-8) 


Hs Xyers LPS AGtas> = LPS 2 Sin (O-8)$. 
Sénce Se, is imurersely propor tigamal te GO For all 
Cases , we need only Conscder Qa ; thea athey 


vo. lues ear | be obtained Sey seq ve 


ma Pe Ts o.1 PF Ts % 
For PLL: Se. x 2 where Z= rps Ke SNe ee 


wheve |) Pius carrier power | 


So eae ue aeey eA 
‘ 
For Ps; N22) (On as Law leer a | 
z ‘ ! G Lee 
For PSK; Ned? 6o* Dweittas ee i] 
Sai 


s 10 Whee 


Note — that For Smatl Puts that the a perforns 


bestiy . PSKiuatonSs WERT) PSK eotth N= 4” wove tt Te 


: So), Pur Sobsne 
See Ches Uieogh say wats 


Ge PSK,2 4 Se, PSKy with w70, 
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States: 


Stage Stage Stage Stage 
( 2 oS 
t ( { 


-~ Boeo~0 Oo- 


See ee eS 


Thao Ce. Output sequence is ltt aodtaoo it o1d. 
The autocovrelatiow Cunctiow can be obtained by 
NAGE Ung The sequence on two pieces of papev and 
saben ome past the ofKev. Then 

ROA) = LNaune -Noiererent] / Leng th . 
The result tis shown below. 


Rcay 


1.0 » 
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3p 


Te obtain the aperiodic aqutacovve lation Punetrom , we 


slide the PN Sequence past itselG and compute the 


‘Mumbev of alcke bits minkns number of unlike bits 


Coverthe ‘ovev lap, The vesu(t can be sealed nd (eng th 
CE desived, 
(QS eI OO Sh ces uc re ey a eey Oleh ons I Max{ = 


/ 
; 
(Sd biSJ 


GiSh Oss Si Ot iene ie tM es a pda cay Ae) IS 44, , [MAX] = Y, 


(5) wie Fading > Pe z= 167 = Time" =— Zz AB. 

From Cuvire of pavt (ay : De > GdBxy Pz03 

From plet, Fig 7.43: Bzos, Perio’ > Z,< de 

c. Imevease we SNR = 2d 

(Cc) Wyre Fading : R= We e* Fade Sie yx io" 


With Fading CO vow Fig TH8) 2 Pe = 2xis7. 
Sooo 
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GsD 


ake yer $e De Aes (i+ 8) | * on erste [Z.[0145)-28te]] 
Kettin a. Zum 2 51+ 8) ='2. Cre &) 4re(Q—s 


I 2I ta 
Pes ger$e( el (us| + Gers. [a (ier - 8 
3 pl a 5 ta} 
Leese [ (ques) (* Zer$e SVz, Wie Say 
Ly Ante, Tost Pe = £ erte Cf) as pleted, Jo vse. 
hes PGCE, scale Ge 


magartose 6 £ auf 
shift 6 foleg LItS | or 20 Ls [Va - 2S em7 
Then pig St: ferms te $F'nD Fo iat Ay | 


PeeQ tai. 2 2.) Pen oe \Fe: Set 41076 $e 1p Vet bent ©. 1 be 


tn/T 0,62 Peat Pe Sane 1.7634 E Pe Lento sto} 


redial SG Me Saar al amc ay yar a od Ra 


From 7.176) 


tm/T= OF 


= 
The mnmyvyerse iret cs foun 2 Lo; be, 


gh 1.02 —OoN ©. 82 
PPP ee = ole peat | i 
©.Ob6 -©0,2( 1.o28 


The optimen Wee iis corre spoon 2 a>) we 
mead le 


column, 


Ca) Peg (mT) =-0,|) Pe [ime oy ee lLOt [~T] 
— 8,21 pe [on-19 7 ] 

LUD) veg 226) toni pit) Pt pa (-27) 
yOu Ee! wesc) 


= - 0,11 (1) + 104661) - ©.21( © 601)=—0, ©2, 
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(Cont) 


Peg C-~T)=-Oll Polo) +1.o% 0. (-T)-0.21 P.2T) 
=-ONC ') + 1.04e.1)-0.21 (0.01) 
al tl Sitar b “Spo CFhevlD be 2¢6E€ro, 


Tars es close eno vgh) 


Peg ¢ Od= -o. (2) 4 Lo¢ Cl.6) -0.2140.)) 
ind 40 Cas ete shoot avoem 


Cay ¢lt)= ALE) + ba Lit-T) 4 A) 


Where Vr ht ae ale pb cme assume 


Ry (A)= EE ye) (44 2)3 
= £2 [A Xl) + bA AT) 4 nle)] 
x[aalttay+bAd (t2a-T) + nleear]t 
= Cit b*) A* Rap Ca) 
+ bA*[ Rag LA-T) + Rag L2+7)] 
Se Awartidy 


where Rea (ady=- ESA (e)H lee a) t= NM (44) 
Kaw CA) = ate corre latron o+ he 
nase = (w2.53/2) eG nasee 
= (ra (2T dex (-zw1 21/7) 
tn wade Aan in $e V/T. Chas beet. as fae 
We aneeR 6 evalvete Ryy (Adat ~u (trp les 
o+ Lt 


Ry led = Orb) AY + Ralod = Ceb ya (ES 


—2T 


7 A% 
Kyy CT) = aes lees Oey v8 Fo bAn+ (= Se 


No ~f¢a 
Cyy lar)= RL tz7)- LoS je 


Also net] hal Ryy 6a) = Rey CAD 
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€, PAD tr 7 te 
Tw 1 wv 
Eee mt ay A 3 wate re 
E 2\ Ex. Tr a ee 
ie [eb *4+5¢e€ Gee eel poke eee bit4abke 
wi LRyy | ie 2 b*) nN) 2 No Zz 
Ur Ey ct —Z2% LE Tv 
fe bats = (ey et 


Rola) = ELylé)ate+ays 
= FI(AALE) t bAACLE-T)4nE)) O CEta)} 


lb) AeeB 
=A Rpp Cad+ bA Rag lar) 
sep A, . 
Ce,» I= Rye co) 4 Ryd (-T)=bA=Rylt) 
Reet? Rya2loy= A 


Thu 5, rhe eg uations fer the optrmen es eiaal 


are. 
Ga igleC 
E é mee se a- 
UB) Fe baat EC a fi a-\ 
a20C Ee xe E rc ~2T 
Beech | SUE) At Ei naaleing, Fe A&e 
~4£0 20 E 
ze 6 bn « Te CB) +5 AA 
bE, (re 
= |b Ey /Wo 
w Ey /Mo 
Leto ep / Me =: /0 (GZ) 268) and b=0.\|. 
MNT K © Vatronw becomes 


|] 
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(1.670 Leo3 s2oxse * an, ! 

/, ©O3 1.674 4-003 ae = /0 
S.S5¥/0 1,003 CLEFT a,’ / 

f 
ae: O.O08G —-O.207 O20 | l 
Agu =) ti Boor ©.°87 -0,e57Mine 
a; ©,0681 -0,007 ©,.086]| | 

4 f f 
hv Ale OO 117. 2o+ OBS 2, = O.0]/7 


For The sake OF SS Ah Kehr atronw assume A lt) 
cs the 7- chive PA "a Paes ee shown cw 
Rite 738 an 2 tae Th The vw 


Aw) 


Note thet Dy LES) D teil Ge Mon oe 
SaAffeQ. versconsS - 0 Ra Yhes =F vence.— yhrs 
peveets eXter Tran svn; (fers to 

efce vePYy rye same 5 ectra/ ay = reo”, 
Thus a fo ew: ( payne a ce tor 


4 
rransmn,;Her ets os sent as 
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(Cond) 


Sot) = Adict) Cos wort. to £6 4 Cot T 
and 


SGN SA Ap ity da sedot Hiv tes SS toed 


(ay Let the GH stvean be represented as mit) . Then 


Selt) = A mity di lt) Cos(wot+9) , all t 
where fa%2) 
amity > 2 oan WC **) 
Cn Sh Dees wee lia icata Os ois) aequencd and GCG tsa 


vandow, Stating pase. inn Lo, ww), he Quts owe lattese 
Ween oa of Sic UY WS ae SEN 


Rs, C2) ® EF sect) scary = £ Ret?) Ra, CTW Cos Wot 
mie qu wt. Re OR =o LN tts) eating Psp of muy is 


Es nae sasve Wh Gal 
Ta king tle! OFalivesy Bitvarssseyes | at Rs, U7) Te ob tain 
tke Psp of Smelt) gives 
Bat Cae Ao Pl sod: ete FL Race CAsdiset >, 
Ri steos x clian ef CELE WS” Van. N- Chip anaxcanal— 
Lena Th PN Sequence with autocovve lation as 
Met acie digs vere hs,) Whivenn) Pow all ovactica | 
PUvVposes we CaAWN write 
ae ety e Ue/ ha) Se tics Same rcs. 

Thus 

TF Zia. Cancissnae tt = Cees (Gy CVE + Some (f-€2) v1 , 


Fow Sey aC cy aoe Uy ) tle Spectra ave as < Waiaace 


_T Sts a CaCn: 


A | Ral) Cos WoT 


& 
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( Cont.) 


The Comuvol ut aac of Thece gree SP ectva reproduce s 


tthe wide owe , cee ret Rickey Cos SoC hut Scales 


So Chagit- the max. value ts Mow A Ttg 74. 


FROM Rom, Jet), Sihy cee cone ewe) 
EOE An ey deceye Meteyee tee Freaqs, 
Kut) = Ai Mc Ctl tie Mere icy a AA Cregs. 


The Siqmal Cow ponert of VG) CS 


. 
Me Am, ctrdt = AT 
and the Notse Comporne—t »N; has ua Viaqwnee 
Vavins\= No. VRS AS Ci te 
Pe= + ee a me ie tev CoV Sua ; 


The (tw 


receivers Shown below provide (dexrtical 


perv lov wance. However, veecervuev t2 Can Provide an. 


CWP voved Cavyriery ve Ference cue intevlevence cf 


thee input Tracking loop és preked off {ust afley 
tie. (EPe beeau se 


Reeewen #17 


BG G3 pee Ci Ps Ga fh Vy etry 
fa) 


Uloseot diury 


imterCevence at that point cs widebant 


Rececue, 462: 


dew) ae Sim Wor 
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( Cont.) 


Now consider an interference Term Trey = Azeoskcw, sanyt+e_l. 


¥/ + 
Ve,(Ty= +tAT + ( dere nce) 2eos (Luy +aus\t+al +f diy Ar OCEAN ET] 
. BE ee Se 
mals fan Nr 
ES N33 = if { deces dils) ES mtd OY Cos [set aw) t+9] Gos List ards+) 
Ms N 
ie Ae Jee) a Y Cos uy t d+ = NoT, 
ne ets, % 
€3 Nz3 = (, ie EX dw dieyf Ay EX cos TL olrauyecdlicos ca. sanhesediates 
ee 
= Ry(t-s) which ik meavly an impulse, aveatte. 
2 
= Te ¥) PA dt = seine F 
Theve Sore, 


2 2 
Gy = Tatal wmoise variamee = Nott TeT AZ 
No ws 


Pe = Py 2 AT + Mg thr 2a 
= oy evfeV Se ° . 


EN as tke expression fi on Coe ahboe 


! 
z Ye". 
1 Ac/2 
al oa LE. ———— 
Pe Ae WT AS 
iat 
VPLS, Oe & 
> Siqnot Power. 


y 
Ps ae : : 
Naz Viocse power a. 
pee eee 
Pa 2 Vr BW. 
A wi 


=e 
=F 
dong Of j ry 


ri- 
0 
Ss 
wT? 
0 
fae 
As 


+ Fup s inter Cevence pur. 


ae 
Note (tat we Can 5 ey Be Oo € the Rey won, = 

ash tne: vat io of Ke. modulate d Baka Coe Phebe 
inter Cerence Lernelust di th. Thus Fav Spectvun 


ue | code we might hace the TFtemr 
aed ao [ee the 


4 vadatiow cs male smal te 


CHAPTER 8 OPTIMUM RECEIVERS AND SIGNAL SPACE CONCEPTS 


(ay Fo (a7) = Fu Cal Fest Fy loe 3 Ucs). 

Crue elute » Be S4N . Simee SS and N are independent, 
We Can Cornuslue pdf is te Cemd Ca Cason), 

Fa darury= Fs 5) % Puls) = Vice eten: Cu Cer) dey 


oT = - ~1dacy 
oF {i etag MU cg en ©, ae Olas For 340 


bah Siena a cge eeu si (ov 376 
ai 2sirers Rucinaic/ Cas 

(bv. ACZ) = Cac2su2)/fadesu,) = 3,5. ( 6" 6'**)/ oem 
> ozs Le -1]. 

(Oyo cea Ps LeCae Car ste Sone iZ 
GalCer Vy (5-0\ 


2E 2a 
(d) tLikelihesd vatis test is: O25 Le ae a 7/2. 
82 rh 
SempG Cy 3 | = wes (Se < PERE 


Hy, 


Uber res Cn. aot both sides aF equation qives 
Me 
A % a 7OGn 


oo ; ue 
a -) Ls -23 2.5 NSE “a 
(©) R= S Les ay ra 2.5e'°>) d, = SP ge eat te Spry Ng ae 
co Oo 
ad 103 F ~104 if 
Tous ye UNE acy te oe 0.346 


“Rise = My 5 + Bas Ct- 0.908) ~ C5) ( 1 0,346) = 0.71 
(F) Cousidev the Chresiald set at 4, Thew 


-~1d 
Res e' fs —> Since Te s io! Thre ra | > Gareinee 


Ee eS et oh ae ere ( Frow Part e)) 


For the values BE are C Conceyn Cove. 42 0.92), 


- 24 
Py x 125 e7 , Mie eco Strictly jeceee gama 


CHE CRM Qian d lige thes wiggle of R dccuvs. Cane 
4 


“Unto .92u Cov Pe ~sasGu The Wire i CS 0.198. 
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CCl) 


Conclusions ave verified >¢ the plot of 


Po we fa rc ciety K Bo ea bia Cocos 
P 


b 
o,t 


AES l.o 10s tis 


4) Frow pact f) we Laue 


~10% —2M tO 
ae Sse ; eA ow ws © ~~ 0.25 € 


Frow part ced) , the lokeCihecsd “va treo test as 
the He 
meen) z “ = Fa e Qu Cyne1)/@ = VY. 


ons  LACw eng Ste, 1. 
N=0.97 KzO 
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-~ 12) 
Fe (2/2) "e zz - 121 
ak PPR ELT: NA ~ J 
(ay AC) C2lz Jt) ria TEES 2 Ce 
Van fe 
(5) 


Cl C2/Hz) 


fe Ce /th) 


Note that Khe Feqrons 


(Ay) The J vesien Ry For each ofthe) Chueskoldauenme 
K= “= its Ys poked foetal 7 2 


Arion. are Gor Yel, 


a 


Miah ert Ss 12122 ov E141 

WN=Us=05: Ale 2. 
Note” that Coy Mis1, we have Assiqued lzi41 te Re, 
WhKts: » ds avbitvavy AamdiilZl £1 Could) Kavel lem 
assiquned b&b R, simee- A C2) = = here, 


THe) (Con dieiteowal dems ity of the obseyuatron ds 


Cedars Ya Tsay), Fa laym)z | o 1Z173 


Y 
re 
@(s-j2l) , 1< 12143 


My gh ls aes, 
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( Conti) 


The Probability of Ealse alavw is computed by 


Pe = Ve PadssH\ds . he Probability of detec tiose 


ts Compute d 


2 Po = ES the 3/ Hr) da . these 
Are easily Computed 


qrvaphica lly as A A ah 
be Coen : 


4 (47 H2\ 
C2 C3/H1) 


Wapato ' z 3 


AN Gre ‘ Se le 


Caan 


PGR ete table! of \ values 
be Computed. | 


Che 


(Comt.) 


(5) The values G6 ive. Moe Por the Uarlaus Pe 


of Part (ay Can be used t 


obtain a vous k 
RoC, hs 


raced oN db IN er a OP 


Represent A by the 3- teple C@,,@,:,43;) and 1 


A 


4 Coy b.,56,) where Gi 4 ,k3 : the 


A Ss tawndard 
Sass Cov rR. Then 


a + S A 
R= actarsya,R and 


Bie oe tbat Lee ee 

Beeline scala, amultip(ccatcon a (A, 22.83) = 
Cora,,—va, , a3) Amd) vec tov Jaidllitees iG 
Ca,,@2, G3) + Of 2, $5). = CQ eS) are be, @z+bs). 

) “A+a.B = (6,2, 42 5,, 4%, a, +-¥1b2, ,23 447,45) € R* 
a. x CAtB) = &L CA,4b, 2itbe, @z4b3)) 


= Cova, + 9%, par aK be ) 23 +245) 


> C18, 12,1 25)4 (tb, 1bs, ob3)= A+ aR 
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ees 


BY ot, ConA) = oF, (72 @, 1a, 1X3) = Cis A, Araararrnas) 


= (o,42% a, ’ Ar, a;) = (1X2) A - 
4) [-eAne ¢ Ue Ss 1hQe, 1-23) = (C@,,Ar1, a3) = A 5, 
S) The MAG LS zero € lerrent cs Oz Ga,.o 0), 


A+d = Ca,+a, A140, Asta) = C@,,42,43) ee Ae 
4 


c) =A 


Ronsidev -bevst she) sealet product Cov energy 


Cina. -~Ar , 7a): T Lew A + DSA 


iene T 
ODEN J xcey y*cey dt ; 

T+ so T 
‘NEGCY, Xi Cems ce yt) * (+) dt. 

1,6 
A £ 8 
fag ty) x)* = Come cis y™Cct) Xc+y dt = Ss 
ni = # 

2) (e&xx,y) = Cem Ge xe4) Preah Ie Sed th Goer wi xed YH SE 

=> o&CX,yY). 


SNC Ky Zam ie Cxcer a yet) 2% ce) dt 


a 
= Coon Se Key &™ cry dt + Ges Cyen2* (4) dt 
T pc 


SUC Rt) et CIV Ee). + 


“ 
4) Cx, x)= Cim , Kot) K*UtV dt = Lian i IxcayPdt, 
i T=co 7 


The imteqvand is zo for alC +. IF Xct) és 


Cees ve Qelea2) aie) Poy tx any XCLt) #a For 


b) 
Some € - mecqhbov hoo d amd So (nteqval was 
The sealav product Gor power signals is Consideved 


Cw the Same MAWnNEeY CGS abou-e om ia| LT cs > ced 


Cw Cvowk ot ¢ att eqral. 
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GEG 
(ay ( Ny Xe \ = Ciaw Ne 2e d+ = Ys. 
Tr)? ao = ; 
-st ~sjt plates SEE 
(SN Gv eve} ow BGs SS. ei lick patel wate oe 


TCO 


me 
pa De ' 
Gay C,H) = Ciw 2T Wee amt) 4 cos Yart) dt =O 
T p20 


a 
i ak) 
Cd) 8 Roney ie ee 2T do 16 Cosamrt dt =o. 
i 
r 
ie Or 3 ee a | Da Cine o Me CH ct) 442.04) dq 


= Can 2 s Xctide + 2 Srl Cia Kectydt + Coa Nee: CAdt 
= ace 4 2 ¢ Kiced, eect) 4 WCE 
Esa Se en tlnece rt" KCt) , Malt) ave orthogonal | 
thew the AAO wn Squared of the suw equa (s 
the Sum of NOV nS Squaved, Converse ly, Pi 


the Mora Squared of Saw equals the Saw ae 


Mors s uared | thew He POURE Oo are ortho enal. 
Pao ub le PD ee 
1 
Weil” Ste) Dt = § d= 2 Wee V 2 
i =i 


“sive fete) be. 5! ae one ag Tea Ea es 


ee 2 <2 

Wesil= ( x3l Dts Suterdes % Ul esll=Vv%& 
eh teens <, 

(x xid= § “lY we, WILE: ['2 Des O 
oe ee =f 


- 


(%3 x,) = J Ks tk, ty Dt = §‘C1et) DE - 2 


Siace C¥,, Ke)= O, x, an Mo are oc ihe ronat 


jhus cheose E, anQ £2 @s bases fuactionw $, 


fe 


[sll = Fe ies % ests /S 


Ailse,; 
1, 11 fz JE 
= eae Ne cpm 
RODE PANT Feet] Ve ra 


Using ¢C fs ED: 
C€ ¥s, i ay) x 
CPS La MY eric ee et BCS 
TEA ET Vz 
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We want toishouw, ¢ that ree tn Oa peru enn i chee ay 


wheve Milt) , Wrct) awe expressed tm teras of an 


Bet loancrane ( basis, 


nN N 
Let Nilr) = 2. An D..C4) ) X.tt)= — De ae P(t) b 
1 eke 
N N al ar 
C1 PKs) > ( Zz. AD , X mPa ) = ay ba sl oe g..) 
N = = 
= z, Bow “ea 


Dikeite the last Gwo Steps Coos Ewen! Che 
Catt thot é om, d... ) = “mm. 
In a Simi lav fas biom ct eetca cre Chak 
cS N Uae sy, 

Pte 2 oa Z lanl rer oe Ai eae apy 
Vhus we musk slow ete | 

N » a 
fevastels < Lzavat yt, 2448 4 


The. fare <i leieec imequalit ¥ cs siamnpliCied Cin te 


Peete Leal ead) 
S tee Q; by elles an 4 oe Pas bas 


A We Viqh* side | oF Ke para és cov ttew 
N 
Meee Arh tal a cote alah itl, 


Ss) zs 


Rome bint (He Preutous vesults arues the 


Follow eng imequalit y which we meed te show +tthue. 
vn Ww nv & 
Serer naa gage fi io Dane BEGG 


43) Ko! stl eel 
This us eq Preeti rd Gao. eS 
are 
% # x 


yess bk We ant Aa At hia 
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eat) 


This Last ESN PVESS( ow; Follow S scnce 
sw OW 4 ‘- WS W/ A Pe 
= 2, Asai Bn be 3 =, z, Lee Si $i 


The OEP NESS Com Caw be Cae toved Lo q vue 
ws As 


rig rl 


a=s) emo mie De ~ Ark bj 
But Be Wis Cast 


Fase sa) 


Req natu cs asco 


ate Scuce each teva tw Suww ¢s td ey 3 


Mike's) pUevt Ces Sch wav ta's emequals ty (une 


wave Cove ave expressed 


Crt e 


(@y We obtain ,c2\ Sy Hevea tai 4 V, et) es S, eee 
J 
tsd> V2 => @, ct) =z ve S.Ct), 


1 
CHS) cs Vz So 


in tevans of ioe 


BA ei BS al basis. 


pul Ee 
Vedt)= S,cey) - vz Dict) 


UJ 
= Suttyi-. tT 3S,ct) 


iS Or Thogona C Conn’ Deetj 3) de coblain  PSreeweee 


2 
eet ee Vac), I Vat = v3" 26 @2lb)= Jz Cs. - tsats). 
C 33,D,) = Viawue C Ss.) > 7%, AD 


V3lLt) = S3ct)-V2 Pct) VE d.lt) = 33Ct) cited ae Silt) 


is ov theqonal Go, - Goth (Db. ctt, and dat tees 


obtain D3 ct) "hy mova lizen Vz Cty. 
t 


UVs(4ill= VR So.) @gety.= 83 A, 09-3 5 Gy 


The Various signals imuolved tn The 


Grawm- Sehnidt Procedure just Pervlovmed 


are ss eR Hi Sie Cox 


ral ft 


( Cont.) 


s,¢t) S2ct) 


33 ct\ 


_- vee 


brit) 


(by 3,,35:,S3; are expressed in tevens of the Sasis 


252. 4;%: The vesulfs ave 


14, , $,, $53 ba evaluat oa 
Sy: Wz, + V4 (dh. +2), 


Seared See oy Vr oo 


y 


could have been oblainel 


Nete Chace a basis 
no t ie + Lot 


ba imspection, Se etd pace. by 
¢, : Z., LZ, yas de Vinod! be (au) ave 


the metros 
set 1 = : 32, ay 


ov tec MWOvana\ pee | spa“ the 


a) Y, ct) aes ¢, c+! m ¢;¢4) 
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(AY S4tY = VEA Cos( 2mrf.t+ TW.) For ott 


s w/e, 
S. Ct) = V2 A Cos( r~A9Tht + wr \ Cae PN RS =< N/0, 
Szylt) > VIA Cosl2mQt+ 3x2) Cor oLtes NT 


Sylt) > V2A Cos (omrRK[t+ 27) Cov o4tt NA. 


Note that Sslty = -Sl4\ Sycty 2 -sacty and 3, C4), 


Silt) are ovthe ona ( i 
wit, 
N/bg NLS 


PE ea, 5 salty dts Ann. enskoasrciaee AN/E,, 
Thus , the OE Vitis once iad c aynewes 

Plt) = K S,L2y 

Drtey Fe KSEE Ey where Kz Veo : 


hs 


Sptty.c= 


A cos (wot + €25T/M) 


C= 1,2,...,M 
ay A suitable 


eb atee <i bs 
basis cs 


Zz 
f, Ct) = VT Cos wot 


Pea aE 
LES on Ee eS 


mest: £6E 
This ean be verted Sy moting that g,), Das) 


are orthogonal PRO | Are & MmMmimum ey pata Sate | 
Set, Oty Ke. signal space pigwae Kata a csv “beuo. 
18a 


ns 
f. Saye, ey ae AVE Cos 


2c 


Tae OSS ahs 
au “I . 
yo =f sce) dot dt = - AVE sin oA = Ve sem BM 
Sut) = &AA+ Yi dict) 
= VE'Cos ome Dh, by —~VE Sin EE qd. tt), 
(b) The optimunw Partitianc of the sigma 
space cs xa we dae astl show 


below, 
4 


a 


Bat 
NX 
a — Dieeisiown  2q(Ow 
ia F is shaded, 
COVERS! optimum PECeuie gh 
V2 Caswot 


S ho eae below 


SECty + nO 


ountgates <a 


Linear 
Dereisiow 


O—-f[Ral—~<+ 


— 2/7 sinweot 


c 


Deutce 
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CCont. ) 


(dd) The probability of erver conditioned on sitt) 
tana wa Cherdat Roch Gotanc! by Computing the preob- 
abe bet of Acovveot decison which ts Cound 
by Forme the cond itione( joint nas of 
(%, 4) and imtequat ing Ovev Hho dectotan 
veqion Cov siayii Then the eect 


of evrouovw cs Co Bidh ts) t+, 


Vhas 
PC Exo isit) = = {§ = Hol (X-VE cos RNY (ye ve sin EF | 
2"TNo JJEC cy 
Ri a 


Using charge ob uviahles wth © Xs wane coso 
tf VYNo Sing q (ves 
Ty a 2€ ies 
PR eee ee ri ( ~> rane ,Cose 4 re 
c rea aw Vv end 
~ Wm ° dvde 


whiek ts inmdependeit ar c Cs Ses es alse the 


ROS es Se proba b¢ lity of ev~eroy, 


<9) Suppose we -kyvamns wt we Yel Goa oh Webel +e 
Siqnal Space is Sarcion! below. 
AL Lty ‘J as 
<< —— 
(hes) A ese maar atest 
c ii NS 
it == ot 
| Rang fsa wci 
aa. 
Ne 
ANZ KA 


Note Got if: the veeewsed Signal (xy) Rls 
baqn reaton A we deteot Proper ly, and the, 
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Coast.) 


pro leony my aC ervvor Ls P 3 ¢K,y) das, Cheankey 
Ri eyskss PVC wey ue Tek 


Fae orienta eke sd got ent COND Kc 


Bat bre Sys Prabha bi litces are particu lanly 


alt te. comp (oe neg imo tee Mede ved 
siqval (x,y) cst UL Partt (he iStwey Cr Sie 
(tC the ‘noise Component penpendicularv 
exceeds Ve Sin Tim. This ds Simp ly 


en Tha 
PZ CKy) ERY = PRAGVIESS = st a0 dx 


yee 1 a 


Mier 
= 12s ate 
e tp Sin Tim FF = dy 
= bere TVemt sinnmml:, 
Ae Ge %o=z SNR = E/No. Then the, bound is 


Seve Lie sum) < Pre) ¢ evCe CVE Sim Wim), 
Note Caco a bound exact Cov Ma 2, Vhe p let 


Cee WON Ge INN CWS: sy 


Evvdr 


ak Symbol 


Pea 
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Ck) 
Note (hot ae Ciquve < ols Cle 
Pe plotted) versus, [E/Neilog, Ms This ts 


Se tit wegults cane: movwmal wel te 


Que Ba ioe Fat en Covematiow vate. 
The ) cuywes  slisu uicbher QaPsk dae 
provide tobe rie tgens per fovmance Cane 
POLE eh y CLI CAS ineceased NA,...(. hts) fee 
Suwmes t hat SymbsC €vvoer Coy Amy 
Wis di dix e aaane aie i ns, 2) However, 
Wwe wa, bes apleValyayy cn 1 1 ee 


width constrained “systen and 


ree My ¥ WA Le  useGal | 


re AE 
ole 
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pee 


Amerie an ie 
Pea vCal) ore Corde 2. 


ta in we ic of Vavicablec we h 3: x4 qcves 


co at YE7No — (244)* 
. ; gin Hand vs 


Pe = eae a) : 


Cle Av he Cora inteava tron Qives 


piling SSN gemma a deel ep 
c= f a 


ao th Coos dy da 
ih Tod rat NU Se A bee Gee he 
= Ga = ( Var © dy da, 


Completin he Square on Y, and SEeyPLentine qives 


as 
VENe 1 ES i t 
"Tr 


+t ~20 4+ any 
Te = ae var C oo VT << dy da 5 
e° -e(t-vy 
Pema ny che. ixlstua hat Cie ae = Nay /a. 
Thus) vem Ve/Ne 


45> 


ni \iees 
re = Ae Vaar © da Int te Pep 9 ee d4 
eee ext (Viz) Le meet (VEZ). 
Wreiet Nhe ket cy py 


This G5 -+the <arnen YAS Biuany , Cohevewt FS K, 


-3* 


A decisgcow 
reqton 


SWUNIE 


\ 
\ 


AN 


Z 
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Coane) 


Nete that tke Opt mum partitcons result 


im ’g-th of 3- space deeiston reqcans, 


(5) A possible eliede of Sos qives 


So =). Geag eres) SHEL FAIS) 
2S, OS Wea sar ( Oi epee) 
S220 =a.) ae os} Ss.) ae ett Fae | 
a Oe ee. Soe SCRA 1 1) 
Tf re cs sent, Che vececved vector Yy cs 


_— 


ys ae 

where Nz C4, “2, “3) and the Hi are independent 

CAUSE Sia PV aad ae vaviagbles / *aauth  vaviamce SNagver 

We “se martiqauw likelihesd -detectron G which is 

Cquivalen€ te minimus evroy Probability Cor 

<4 ua Uy Cekely signals ) and so the decision vule ce: 
Choose s; as tvansmitted if PLY/s;) 2 PLY/S.) VE. 


Simce the Cam dice axa t PAE af WS Pe 


4 3 ee 
Cy CY 7s) MC ware eee pati: S124 
the d @cist ow rule veduces te MALE mae 
distance detection Pe Ce a 


Cheese Sj as transmitted i¢ 

Y=. Si ek Vee ATA tT 
Francritive Figure af +the Signal vectors we 
see that le proble~w las Byrne Ee with 
vespect dis tances be Tue err Signals. 


Thus ) tide Cowridutrowae probabilities ok error 
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Cnt) 


Gweiwatl ithe? Sawer .Thislieaables) cco. teiofiend 
(ke Average Probability Bs ee canta pean tie: 
Condit Lona ( grobabi lity Onvebvn oS tuce Tey 
Aare €q ua (. 

WerSh) fi cid tina tenn PA Evvor/p Sedu Note that 
the most likely €rvor is te choose 5, ; Se! 
or sy Simee they ave clesest. Acso, ie 
Ae me), Cee Mideeisianw only cC 

CORRE CRT Pai har gh uaeeteced ty 

WRS. dk Ye SoM 

UAV SSR Sele PRS yl, 
Met atOe ea ueweceesa.vu ia ned) isurrecient  eands tran 
Cor correct deciscan. Thus 

(yards Carte Cyst < Cg + Care + C497 


« rm) u 4 Cyr)” + Cp—i¥ + C4341) 


U 


. . it = Cy-1) + C gat) + lyst) 

iwhieh ,veduces to 
Cysed® s Cyd, Cages Cyt, Cyt SCy a 

ushieh és €quik valent to 

Ge, SEE SS iad 5858S 
Therefore, PC Correct / 5a) > be (4y 40,4240, 43 <9). 
Tiida vucetio wy dry nes grobability is 
Simpli lied Lecause the yy; are 
cmdepemients) and identical, distvi Luted, 


tren teen ett ed ee dint CC alc e 
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( cont) 
PrC Correct /3.) = LC Pc (4 say) 3 Ae ela A), i 
milbete wee oo dete Leh rere) 
mae Bare tanh eee ne oe (VS )J’ 
FPLC Ena Lea) > PLC Sia) 2 1 Ei asics oe 


The qeneraliaa tow er Wid (awe ots taneue (tees 
Compe ahtaite Ue scuce Qa BEG ESSA eM and sulbicient 


Condition Uae Covvect rece ptcow of = cs 


Jaeo, Fz 2S, a cis iy fn Oe a 
Sc Ge Pegeiidnes SY ah ie mT Cd Cet A) 


Ce) E/ (Ns n) 5 iB 
-Ss o s 10 


— Note “= Coq, mw ; 
Cov 


Seales heve ae 


Cig. 8.8 af text. 


Ec vver 


Te oh. of Symbol 


-3 


1a” 
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( Cont) 


Comparisen af the Pgurre above For hyper cube 

sigrra (li Conch Peg. QU beech eee Cay ov Thag onal 
Siqmallé reveals that hypercabe squallim 
cs ahout sdb iwtevcr Cay Kz 2 aa) 
more closely matches performance of ov theg onal 


IAS [aes (( as Ca lavaqer m, 


(a) Sicte) = A Cas'(iews PEA te et : oY pS 


Tr at 
vi Silt) S3cti de = Ne A“ cos(wet CAwW)t - WS (we + iAw)tdt 


~ 1 
= i. fe Cos (2wo4+ iti) aow)t + Cos( ao3}) awt | dt 
sim] 2wet i+ i) awe 


ae f 

iat) 2 ZWo + Cé+3) Bu) - 

Simicevarte| | 
3° 


(6-7) aes 
2) oe are ; Wi 
aye learner S mL 24 +4) aol 
( 
+ Ce-s)Aw 


ct is A2ssuned chit c#. Afartne e tat 


Sim i-y) AWT | 


wheve. 


Civest teva in Khe last CEPVESS Con can be 


neglected because the Bude) Cwlh demamtana toy 


wa, les Hens ewe srnal(, Thus 
he Aiapeet e : leh 
i Sctty Spceydt =e BZ Ce-jyaw Din Ci-s) aw T 


US a i Cgiasan ce. fa ckbte's tevw RSrvo Sa Sim Cé-4) OW T=, 


So Co-s)f oer = “aT ; and Since Aw 207 ak, 
: a" 

Gee a aria Cat = 4 oT =>. AF = Commitytziaty 5 Thee 

WAL WALL, nw co - Eye MACHO mUwW CA cs Uy 


So PN os ae 
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G He 
omar retest ee eed 
WwW Ke. 


Ww. signals. 


27 He [ Siqral 


bef : 
) W Ue band width : Sa Mz Ss 


27 
ov WA = LWT 
(Cc) Use Dz Ct) = (= Cos (we +t Aw)t ) of t ae 
oe 


ov t heqoma C ue Claes im vertices - af - 


hy peroube Sigma aot . Then 


Can hae N>=>2we @: Ct)'s. Wut M= oi 


( see Prob. 8.14) So 2 
—e6660000ws@~O0OEOEEel 8 


PCEsH,) = (i f Ne Fea Cras) tei Ce Ces HN dy, 


where 


cw OWN Hal, we 


20; 10) hey CRE “a e) 
CR, Cwy/ H,) => 2ZEe*% No = 


VEEN . Va /N, 
PR eG ie te No € 


Fovst)  cowsidiew) "UE © teen cel pad bets) bgee Ue 


expressconw Cove PCE/H,). 


oo 
oo — be: -$ 
Zs ~*s /No if 
Vy Cee Cnsu) dene KES dy. = wae dé 
é ce 
where chame e of vaviakles udt the AS eine Usas 
used. Theve Cove, 


a ey, e 
Veale fa dee it 2 x 
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Cent.) 


TTraus = 
; 2 ve /(LES*+ Ne) 
( Str /Ns i 2,%; mie + Ne 
PCE, = lo “ 2€e*+ No 8 dv, 
“on, Wi K 4 we ie No (2Es + Ne) 
= Yo 2Eat+No Ae $ 2ZEo*4 2No 
te a1 
K ( 2a" _“ /k 
= 2ZE<%4No OTA es dv, 
Mpc EES ty Se ORE | 
= 1 
K ; r] 
eee Car NS 2 ERVIN 


Given the ce hypothesis we recevue 


yct) = Gi yb: cos (wt +e) 


wheve Ut ey a, Ga eee ra git a Saad ik 
Gi is Rayleigh 5 Oc ts umifovny La, 277] | 
ies vay the enevg 9 ats thie co Sigma of 
duvation T, and the w; ave chesen so 
that the Siqua ls ave ov Chogo mal : 
(AN We Assuw_me slo Catan. ann expand 
ct) Cnto a 2M dicen npansal Siqrral 
space wheve Che Gasis xs 

hei l(t) = Vat Qos Cu: +) 


a wale 
Msi (t) = V7 six Coss t) SSE AL 


Thus, we arse oun decisconr on the vecta 
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Cana) 


Zz = Gi 28.4 yuesn, Sex esa ace cee Zw) 


Wwheve an 


ick = C4, de: ) = i\ yt) De; (tt 
9 
pacer = ¢ Y, Ps, ) = f att) d=. Ct) dt 5 


Suppose ttok (hie cS Kypothesis cs Quer, 
Then the Cow pone nts of z Are q (ven a 


Pom Vey anes cz 
#si = VES Gs} +Ns; c= 
hhc 5 ety 
wheve. eur = Gi Cas © , Gsj = —~ Gj ScnGQG are 


Unde Bewid eh Cale euicarmtt wR Ca lhl we en Coith, 
UaAaviance 6 * f and Ne; ) Ns; ave Cndependent 
Gause (an wa. wdow Uarn iar L les Ww C Gly Uaviacnce No, , 


Note (kat ra LS jocntly Ganbee cee and tke 
pdf of & Quen hypothesis c ras 


2 z 
( Gar + 2: \ 
Cs SWAN pcs ecient ih iL SYS deal 


WM 
| u 
M PE iets ( No ya. 44 Hs; 
TE ees UAE) A. ie 


CMa oe 


The Ave CSU Gn eve ev ay, PSEC wires the 
Probability of \rrorv Ls MONK Omi rw like lihood 
Scnce We Assume hypotheses <q ual( — ikelg. 


Thus ase Meet lic Ly po Chives et hl i set oe 
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(Comt.) 


Carus 64sec) 2 Pe rus C3745) ee Alternate ly , we 


Caw e€Yawnine loa CE rui (3/7) And ouv 


dec csSiOm Crviterviow We wondiies dict do 


Ky pe th. eat C ane 
a z 1 
Bei + 35k ive 5 . 5 Boge 453 I 
Eiot4No + No a C5eut Bsn < 
= 


K#C Kt) 


This eXPresstow Can he simp lilce f Some hat, 
WA 
Let st = ra (aac 42_\ . a ery 
Bee + 46: \ 


S ru si Bars 
a eee C +4. = _— (25. bgt 
ei a *4 No Ne Ket Je 35x) No No ( E.o%t No) (58,4931) 


I 


Ke 


Therefore the 
area Ae 


Mele’ si Gas | wale. us Coase 


Bane tT fo ete AMAL (mW af 
Cac s 2 

eee ae 

arth EY are eq ua ther the optimum 
becetuer (S an M sigma ( repli ca Oli aere 
CTwe signa ( rececuer tn ee 3.4. Note RG Rect 
c€ the energies are not eq ual (Wome) the, 
Meret ace athe pete sumemen |) shouldbe 
Scaled eal 


E: pee No 
EU Gis 


(b) Assume tue Brace equal, We note 
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era 
tliat de = Vizizs qs: 


LJtthauk iless: of Gersralesy y Suppose Hi. is qiuen. 
wens 


is Rayleigh que aie Hj. 
Fan, (3.0) = erae, €xP[> 3t/2ceeenel 


C. “ied 
H/C 4. /HS = v7 SxP (-4i sens) Cee 


I+ Godin te hat the Rae eee of a Correct 
hee Staa pare cz Pek 3: 44. Vo =1,2,..., M$ p Thus 


M-! 
i Se) i. K alate 
Fi? Conect(H,3= (ee eae je : ds] dy, 


This Cxpressiow Collows because (he ti ave 


Cwndependert, We 


Can write 


3 2 2 
32 ~ d2/raN 7 Or Jon 
ee hg EN rere Ne 
arnt Se Che, express (ow becomes 
is 


M-1 
~ 37/2CEo% Ne) - 3 ae 
Pe Heme! WS = peer et 2 I< da, 


The donee Cte wicerons stat<s 


Cais en — 7d UP sh ieee 


So we. COL wvite 


i , es aN y 4 Si ("Jur is ie 
Besley 


(= 
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(Comt:) 


and so 
s a ~t/2lEes sda ea m-t ine 3] 
PrE Correct/H, $ = ¢ Eot+No ra (ai Je en ds, 


m= WAI | 
2 Giver eae 2 dz, 


No+ LEX *4No) (m-1-i) 


Ushevwe. 
1 M-| -—c ies 
Ki TS  2C ES 4nayo ho 2s . 2No( Ex? 4 No) 
Ba ar ies 
rida eo bs ae oh 4, nla, = 2 Ki vcd Chas 
= M-t 
at Rian No (ES Ne) 


RA Caveect /Ui)-= ae CaN. ; Ne + CEC* 4NeyCMmit-i) 


( a4 Ne 
re Neo + CEort4+Neo )\-I-L) > 


PC Eerev / H,\ By 


We Con (med 
— PC Cavvect /4,) 


PU Evvor /H) 
Pe ollecss . that this enpressionm ala, 
4 ields the umconditiona ( rome aeet sft; 
Std Ce ure Ieee AS ouca ee) 


ot Crver 
equa ( enevqies and equa (ly (ckely 


Ky zo the ses. 
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N A 2 
Y oe Zz, Kin Kia 
Give w Hi +tAvamnsmi tte , the wececued signal on 


subpath 448 cs 


H,:  Galey= yz figs Cos wrt + Gri sin wt | + “Anit) 
Has Ym (= FEE [Ca cos wit + Gin som et] 4 Un (t) 
wheve Ant t\ cs 


a. Gauss (an Var.d ow proces Ss 


Weep aS: Power spect val density No/2 and 


Gin : Gin Owe Lud ependent Sate weh ened vamd ow 
Javiahles witth Mean =O and VUaviance = 7%, 
We enpress Yn Ct) 


Cw Tevws a f Hie ote 
basis which 
d, TS V4 Cos w,t 


23 =V2/7F Cos ws, t 


id Saaeree Come cS 


2, FLV, ofr Sim w,t 


Ps = V2/7 Scu wrt - 
Thus 


. 
tim = Cy.) Gz) = h Yancey Bic dt 
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CHAPTER 9 INFORMATION THEORY AND CODING 


tt 
il 


Loga ( ae = %1.737 Sits 
Tye lege ( 3.3) > \.204% wats 


tee bogie 3.3) = 6.$23 Hartleys. 


Let e denote euq ineet 


and & denote cafeteria, 
Fre we Problem state meat 


PCeysor2e Se Pees hoses i) PEc 1) = arism 


Frow “Bayes! vale 


PUE Sy ape CS ZE) PCE a Cosme) Con 28) aunties 
PCC) 0.40 
pes) 
TAG BEC) = Ulery: SP GCLS a ets: 
HOX) = -0.3 log On Bi, g Coq O22 ee. log Ov 2 Ost log o.! 


- O.1S5 Cog O.1S = Gy O'S; Coq 0.05 
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base 2 Coqs Crgpendix Cc) 
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Iexy= beq, S2 = 3.176 Kits. 


323 


( Cont.) 


(by Fov ai pair of cavds theve ave two 
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PO me ty) toh cw ies alist) canst OY UxX\o= O 
Ciblo tel it lich Qcuen the input tke uncerlainty 
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PC %/4Y) = Giese PCK/4) = Tie =8 
PC%/Y3) = 0 PC %2/4s) = ee 1 
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Gece) 


By Sra aa Plame) = PLw) and Pim) = Plm), 
BAAS a Khe eutvopy us 
HOx) = ~ 200.3413 Coq, 0.3413 + 0.1587 log, 0.1587) 
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R=) Sa°tHex) bets! sec) 
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Assume Ema lish language as ¢ Ch ae 
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Dera eau EL. | May ace | Speech vate cs some cohat 
less tham 300 wovds /winute Cty it). 
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7. /B 


Fron we exam w/e Or Valor OA SSH#-S/€ 


rGe ed tee table a3 cons%rucre QL 


— 


Coble 7 eZ So A/n pate ST 


/ 7 / $C. 9 Te 
Ke AIAG | 0, 645° 72 fae 
= 4598 fo Naas 8B,07 
Jhe Jas 7 colin ne results see \ 
Be 
LSFr ec CNCY = wetathet” = see 
d 3 (=) HW) 


where Hctx)= o F697 = 


Cx tension —™~ 


Souree 

Sum tol Rite Code wovd PCY¥;). 2; 
Xe 
X, 0.125" OOO O.315 
Ma 0.125 Oso 0.375 
Xs Olas O10 Of s2 Si 
Ky O12 Oy Rit roa Fat oe 
Xs 6.12 [ oo 0,375 
Ke O25" f-meet 0.375 
Ma ON2S we Bw) ONT 7S, 
Xe O.2s” A ee O.375 


i) B1g.600 


The souvce ent vopy GS Hix) = 8B) Qoq. 8 = 8 bits /sym. 


and the [FEiccemey Cs 


Ere Chi ka Ls Rog. D) EOL bin are” ev Carat 
Ailes PLx) Codewayd Pix): 2: 
X, O.14l ORO 0. 333 
Ve GO.) Oo | OPM E TS 4 
X3 On OTe Os 33 
Xy Outs Ostet Cu sars's 
Xs Ont | 00 0. 333 
Xe O.t1t {ol Ore sss 
Xn Out bd i0 6, 333 
Xe, Ol LISD 0. 44 
X4 ON Adept OD 7 
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( Cont.) 


hus the Ao? ya. € woo bel (e~ng th us 


ant a Nt W18 e rn  Siae a 
The Souvee ent vo Ry cs 
Hexy= ~A Co. et) Qog, Oi > B.UT bits! sqrm. 
dididin itera COV ey oarc ue 
ERS ae is 317 = 0.% 839 = 98.39%. 
snares PLK:) Codewovd Pox) hi 
Ke 
Wy G.N oO 0-4 
Ms 6.3 190 O.G 
MAy Ore ia G.6 
am, 0.) bata 0.3 
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Ceca.) 


For (he secand ovder erytensicow 


Source 


Symbol PL%) Code wovd PKS. Ze 
Ki 
Wy My B.1h Ooa 0.48 
My Ms O12 OO Oreo 
WA; Wy O.12 O10 0.36 
MW, 0.04 Oe Pk | 0.27 
My We 0.08 CeOuey > O22 
Ws My 0.08 Peron One 
“3 M2 0.06 pono G24 
WM. 0.06 Orr 0.24 
WM 0.04 lslr oO O.[t 
Wy, G.0¥ {10 geo 6,20 
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WW, 0.03 Lr fagio 0.15~ 
WW; 0.03 Fd Be Pe | Cotss 
W.W, 0.02 Lop he O./0 
WW 2 0.02 hel ite O O,12 
wo 0.0; Coa Rim LO 1 Aaa 0,06 
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alanoes ey whee Lh entropy Stare 
Second Ovidev. evtensto~ csi 2ZHExy , where 
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~¢ 
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/ 
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; oe Se (O( od 
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me fa : aK 
. 14 Lt 2 
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ey ave bue ie cAfrarendney, 
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LR at ay fee 0.6 ° 
m, Oo. $ Oo, 4 ol 
ms O, 3 0,3 ca 
M3 2.2 ad 
ee 
My On) 1 
Thoive Oo erveordyodlvs are. 
mre C5o%euser Q 
~, l 
pad Wy O° 
M3 (9) hes of 
M oO { \ 


Ww ke Yhet Fhe canine oy fas ww arcQ (eos 
cg kx th Fea e entrop es eof course 
¥4e Saue go Pak A Ox) ©./. 8 Feet 

as oun 2 fq Freblem G24 Tus x4 e. 
efficvreac Cs va Fe ie fet as be pore. 
Nore Y44S Khe coe words azrne 

Ac pperent bot couvl/RQ de rehHe KA™N| 
same 6 ASSP NCN ews ols on 
Tran erie bpereweres wns ! ne ee 


(Coat) 


For yh4e secerbh-orler 


ex ren sor 


Bil S SS le 


m,M,-2.16 


Muy — 0.1/2 or 


my, m, oa ond Ay 
"1 -0.09 ie 
m,"s; -0,08 

Ms ™,- 0,08 


S 


m, My-0,04 


Mm, —0,0#—1 


Mo My - 0,03 1a 
My "%r- 0,03 \ O 
Mz Ny - 0,02. fr 
My 3-00.02 re) 


MyemMy~O,O1 " 
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(coat.) 


The wresvult us 
Message. Fre bo Code word Ac 
m,n, O.1G OO| a 
rA, Iz ORT 2s Ol | 2 
4a Ns O12 oe je 
mM, Me o.04 PsisO 3 
mms 0,O8 (I (EMB) TE Lf. 
mz, 0,O8 OOO| ue 
mM, 3 ©,O6 O(o| uy 
a ©.O6 LO\O - 
ms; M3 atcha (ohare te 
mm, My &,.04 O1,CoOo 5% 
My, 0,04 O[ Co | ae 
mM, My 2,03 Ine wait O Si 
Mi My ©,02 Oud Se 
hae eat 0,02. Lt1©| Si 
Mie 43 O,O2 Crresjl° 6 
My My O,8| hulle Phnt2 1 6 
76 
Pied pntay sett ihc wh betes vr Ate 
é>) 
The average userDlengIh ex's Fhe sane a2 


thet wbFaneR vr Boblen 2, he en Kropy 
ares compufe? 14 F2/ an2 founD t be 
ZU, 8 FCF), Ve £_: ew whe. -esuf/ts 
ov Tens ane A C2 r~e. Men rice (. ; 
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(Kor he Sheanon- Fane 


coDNe_ — 
message —  _fireb._ C2 MeworD pec 

A O,3 o © ye 
G 0.2 pan | 2 
é Be Uae ALIENS Yh, RR RO IS 
D anon Weegee bk Lc Mea hes 
E VET loans a ee ee + 
F 6.05 pik ONE A ie 


Beem fe Cc = 2 Ce. 3) in DUS COL) ce 2 LOS) 
+ £10.10) + €146.05-) 


eg AG: syn /codeworQ 
for rhe Ket fh nan cole - 


\ 


D "eG CA Fue ceheweovrds are. 
messazye te Reuerd 
rade WM ghee 2) A rom 
G (oO 
Fe 0.08 { CG (1 
D ooo°o 
a O20 10 
- OO vt 


ance rhe ver ofm » ser Llen kh Ae, ar. 
Chve/ to Ge res. of SUPE has ra 5 yes Ge 


Shean on- LFEN0 code, y IP 2.-FS oy 
Huopfrancoble vices 
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Fear Ye Sharnen- Fane 


coe 
Message Pre b. Co Reuso- 2 a. 
m Li OCs 3 
m2 Ac oe «| a 
Ms ‘hc CO Lote 3 
My ‘he Cs) Ts foie a 
Ms he ee 
re A se 
“14 "ie bre hale Lf 
“¢ “i Voc eo nr 
“¢ Ac Vin DMS Se 5 
Mio Ht tb A oni 
wr 


Mu fat | \ | 


The Cea fe Lea EY alee, cs 


Lie 7 UBt3+ 324444434477 
to fe 
= — l3¢Je aa SSF Ss symbols f/ 


code wor 
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(Gee!) 


for Yhe Hoffman Colle - 


Tru } 
4/\ WA in 


4/r rs 


Oo 


' oOo 
m, he ( 


messayve Ce Rewer Q 


m, ©1\ 
Mr “u o 
mA, 100 
m; ; if l mM; \ O \ 
my Yr e Me BAe 
Ms 8/00 j os iat 
Is OM 00D 
me Vu oO 
sh 3 O00 | 
“4 ty t 
ee OOo 
acre one Rau OO hr 
: Mie O| CoO 
peptide 
Miz © © | 
Me MM? 
My Me l 


As w9 fh jhe Shannen-fane cole. S$ cobe- 
works have Leap th F anD 6 cokkewerls heve. 


tenrken Favs Ze 3 SKS Fer bherg coMes 
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Source 


Samrrot PLY) Code word Pit) Le 
mw, WM, O-1c oe) O,s2 
Ww, Wo 3.08 0 | 0.16 
MAMA, 0.03 OZ One 
MW 0. OF Lo 0.16 
3M, 0.08 tO Onny, 
WM Way 6,04 [fal Ome 
MyM, 0.04 be 2 | O .12 
A i 0.04 Bae 6.12 
Whe MA, 6.04 Ray Arg CO.iz 
Mime 0.04 £00 OID 
WAM 0.04 Liat Oni 
AM, WA, 0.04 Zord Oe 
Ms hs 0.0Y Z1tO O.Ie 
WAM 0.02 Det C.08% 
May We 6,02 rane ee Oy f 6.0% 
Wms 0.02 Z| 2O 0.08 
Me Me 0.02 Z212/ 0.08 
WA mMy 0.0r 22 06 0.0% 
MyM; 0.0% “he haere 0.08 
wWyMr 0.02 22440 0.0% 
Kt thas 0.0z hye | ©.08 
My My 0.0] Car sa a ©.04 
My Ws 0.0f age MAY j 6.04 
Ms May 0.0/ 29. 2.210 0.05" 


a 
ms MS 0.0; pele yap ay | 0.05 
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GAC acts) 


The AVEewage case Vd eg ie Oh Ter 


al 


Nee PRLS SS a ee at: © ee 
The ea cs 
Hix) = -0.1G Coa, O.1b —~4¥(6.08&) Coq, 0.08 —~ 810.04) Qoq, 0.04 
Srey (1,02) Zog, O62 = YC a ratr) Roa. O.0/ 
W244 Sits / symbol 
Gave the c Flic ieney cs 


— 
~ 


GE = 2 Hox) WH. 244 O.4495 = 
Qn To -—C—<—~a CS St oy ae J fe 
ie Lag. D 2,82 oq 23 % - 


Fraw € 4.33) 


The Bowie tah le oto gatues cs 


obtained 


; 9 Ce 
lo00 Hz 3459 bits /second 
So00 ATES 
10,000 10,006 
Ree 13, 152 
\ © 0, 000 13,7150 
oo a, 242. € = 14,426 


The mine PAL a ea values Cal Gace 


352 


(Casa) 


oo3 


Ga = B Log, (/+ Wo)= EB Ly, (it FZ 3 
> te. (1+ & SG) 
Tate ohhu kis Co )CS) 


Gee ira ead th | 


C/p lo 447,, aie Mass LL Pity /o 
O,.ol mye ae: OF 7e -1758 
0,05 p> ©.?f -A52. 
©, | re fk O.72 i Os EAS 
O,7 —6.79F% oO, 74 ae ew f 
OS ae 0.83 OO 3 
0.78 eH RE Se 0.7% ( 0. Af | 
| oO © 
> 3,0| nS “7@ 
of 6,02, PIS SY 
7 BES LR ae My 3 
Jo Lo 102.3 Zone 
Ca 
10 Log, (&e/e) ioe cn & 


SLOW = f Sit af 


- Ss 


Si 4£o 
/o nae (E4 /o | 
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From (9.44) the probability of ervov for a vate 
Ye vepetition code us 

Pet 3C1-p)*P + Ci-Pve = BU P H+ 9; 
eoheve yy Cr-ple.ésy7 the proba bility of evver Ong 


Single tvamswmission and a8 = \I-P. 


Pe 0.3 


: 
| 
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For a wate ‘Is vepetitown code the proba bi lit 
Weevvoy | Pe ics 24 ua( to the probability of 
3,4,0%r S evvovrs (nun SS Franswmissrons . het 
the probability of evror On A Single trams — 
MmMisscomw be We GV¥epyo oF hewe 
Geyiens Sala lsat yw ie) 4) 
Pe 3s) pta® + (%y 7g Si On: (5 4 


23 = 4 Ss 
Joti Por eral Uk a Ge 


We know thet a Hamming code Qllaws covrection 
of all single mewave Call) ca lesamsi cae. vthe Fees 
Check wmatvix ave distinct and theve cs no 
all reve Columns). Thes 

Ge an lees h)% Vp k Medan: S 
TP is. an '(uterest areal CaGuy unnecessary ) 
exevecse Ts compute fhe destance betwee 
all combinations 9F Two Codewovds cx the set 
Shee 2s Ove ddecsavds qenevated by. methin (Cae) 


Aeon code. The parity check amotvi cs 


Nssttmina = Icodeusovdiial) the Coven Ky Xa Kz, Ky Xo, XX, 
the pawity check equation 5 are 


XG = X3@ Xs © Xq 
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(Cont) 


X2 = X¥3@ Xe @ Xq 
Xy = Xs @D Xe OX . 


This Y te lds (he 1S code wards quuen Gelow. j 


Codeword poopie Sha ae © vena Amy Os tviy 0 hy 
re) OF sO Fours peti hoe te 
{ | I oO Pasa oT 
2 ‘a ! ra) donned ro) 
5 | ro) a a NP { 
y { OER agey at Mea ae 2 2: 
5 "OBE Gian dey oe aa a / 
‘ { EE Rae Uae K RAP ae a Cat 
7 cb MS © Mean 08 CGE le (eat Oil ar | 
g i / I WEST a gh @ By, 2 es 
9 ra) LATS S Ov Om any 
He ! ip Be OY feu 
. Oy EON OT Oni (ean 
Re AM TSE Re Tet DOUd dates Pee ee 
re / Oe Le Cem INE / 
uf OS ORC Gi EIN lene 
he / i eT | i (Lie 


The dia tax ce. Ge lien. codewords - som dal ) 
denoted dcj Cs qiuen cw The. Following fable, 


Nate Ghee S cnece dij edgy: » anly rit & of the 
Cable need be Ci Cled, 


Sp7 


Ciaaact.) 


f- 


ADDIS YFWPH - O 


uwerttWwwettwnawh ec KO 


wate oews ec cw <Ky- 
FrwWywe cw wet |<—]e 
2 ewwWw arow w bh<e——|n 


Wwreteagwt ~<———————I[cr 


£EYWNwwet wut tt l<—lip 
etwrtIWwetwwt & i<—I|o 


WWrer tw a |<————————/2 


As can be seen Frow The tal, Ce above , the 
WATE Anta Aiea Wane A iva e ei net Cow cas CS ior Thus) 


a ‘ak 4) phe asian ere CONAN ALS tance es cole, 


) 


The feat hy check Mask wx Cov a IS, ut) Hamwmwin 
code ts Constvucted be sey Wet Bee that the 
BN Column Ne the Scmaw Yy cepres ea tahoe: af 


Rieter Shen he . Pee per: Ths , 


GeOnOrOs, OG LON lm hata tin(eeie taal 
LHit= ORO OT iN OMiee ia OO, Olson tented 
SMe Oru LON GN he fan. tng 
tay fF OV M OLF NOs diab). Ol) u's 

The ' qerneral Mott ethane cs cure Kear 


Ma Va Vs hy Us Ke Ky Xe Kq Kia Kn Kir Ves Kay Mise. 
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Citsects\ 


Within This codeword (ke parity checks ave 
Mee Ney Aah e oo The powity equations are 

Xi = Xs@ 5@ %7® Xq @ XO Xi @ Kis 

Xr = XO VOD Xq @ U0 Ky, © XO Vie 

Ka = ¥s@ XO %q © 4 4159 Ky © Le 

X= ¥9® ho® kn® WOO ky® tie . 
Note kat each ray cheek? ts Re OS 
Cn Todd ih A a mabe Var OCT) Hail taney vt Fy a symbols, 
Thastictl Vegek Wine vada se Symbol cs 1, we have 

Kis Wz ky = Xe =I 

So MERA ween (Olan es Cupact gields am all 
ones codeword, with an evvor in the 1 


Posction (he aria Ucn drowe us computed As 


1@) 
lersiee LH] ts ai jail Wall Do Sa ‘ir MRR Pac esa 


Stmce the syndvowe cs the ey represen - 
tation of The oe Somg le @vvoy cm the yh 


Posction CS PEN Repo OEE 


The parity aWecdk’@ Aadtiviy los 


Use See that Che Late deal checks Are cn the 
Chilis, < tact alan dite else Post hlonr<) “pi. ee 


359 


( Cont.) 


the general code word = CX, ka, Xs, Xu, Xe, Xe, X27) 
the parity equations are 

X3= % OrXy O KE 

Ke = hi @ Xz. © Xs 

hq =X, @ ki © Xy, 


This yields Cee adds coal < 


Ki is Xs % Xs Xe Xa 
ro) (o) ° fo) ° re) fo) 
oO ce) t o t ' ts) 
fa) rey I I ° 6 i 
fo) ° © I I | { 
° i ro) fe) (e) ( { 
oO t { (o) t (6) { 
,a) \ ! I te) { (6) 
fe) { © 1 { () ® 
{ (o} U © te) ‘ { 
t © ° o \ 6) ( 
' tv) Oo { oO { @ 
{ (oe) \ t ( 6 6 
t t { 0 ° ro) (6) 
t i 0 ro) { { oO 
l l fo) ( 0 0 ( 
{ / ! ( ! { { 


The encoder is shown below. 


Assume that Chien | codecjocd wen oe a Oke Caen. 
X% a eo Ms Ky kes Xe 7 


360 


& 
( Cont.) 


Fivst the ea check equatrons must be 
determined. The output Cor avbitvary tm part 


Cs es Soed aS Shogrnn Cw tab le Below. 


Suikt 3 Sz Ss 5 Output 

x, fe) © vy ace 

2 X,® Yo 1; ® YiOn Xe 

$ V.@%.8 X3| 1@Xr o Ors ve 

4 YDisO@ ly | XO Os] LOK | LOGOH Xy 

> ras 1® Vz O%y | 1, O 42.O%G! XK, ©. Os! KO 45.0 ty 
C Oo o XD Ks@OVy| X-O%sO%| %, OKO 

7 © fo) o ray Ve @ ks@X¥ 


Thus we have the parity check equations 
Xs = %.O X33 D@ Ky 
Xo > XO ee © Xs 
Yq = %. © ts ®@ xy 


Thés Wie Cds the Palen 4 2. (¢ Code words, 


X, te Vs ty Xs % ¥q % Ma Xs a Xs He Ky 
p Sat Re) Reet Sort ele ee Sa ee ie 
©2080 GO oO jena aL Onc 
VOR O TOMES (ite Oz ISO! 21S 
ath Con Ove borConul COs Lie Camtient 
Ae. O OMe en GS CE enfant Orel Or, 
bP Sita et Gl PAY On Oita 
OOM OTA Oven Ow teal 
CO O7e tn CO RerS Coie Oy Cts 
Onl fia frocomet ea Ovorar | 
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CCont) 


‘Vhe general Codewovd ¢s of Che Foran 
X= CX, Xa, Ks, Mo, XO Xr ® Ky HO VL Oka, %2O 43O ty), 
A cyclic shift qives Che sequence 


Xs = CX. © ¥3@ Ky, %.,%2, Xs, Hy, KiOUIO Ly, ViO 4¥® 43) 


Ov Y= C41, 44a, Yu 4s, fe, Yr) where yi és qiven of 
4 > Or @ 4 4s ‘4 
fuse he Yyo= Ki @ ¥3@ Ky 
oa a 47> Xs @ %2 © 3 
44 = Ks 


(evinnust “Mou check: €c see it Ys, Ye, and Y7 
ohey fetes pavi ty €4q uations. 

Ys = 4 @Y43@ Yy = CK O%3@ Ky) © OCs = Ky = Y5 

Yo = 4. ® 42 @ Ys = 42@ sO ky) © Ki O Ha = LO HzO ty = Ye 

47 = 42 © 43@ Yy = iO HD ts = 474. 
The sixteen Codewovds contain all possible 
Combinations of 0 and 1 cm the Pivst Pour 
positions, Thus X and Y ave qeneval and 
mertkave mikause, CRAt a cyclic permutati ow 
oF a code woud yields another codeward, 
Note Rat tke parity check satrix For the 
encoder is © Crom the Pavity equations) 


Bes ART ites ia ces cn a 
© 
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Thats ces. cso eel {breech tlt aire ool eae essentially 
a Hamming alo The position of lke 
parity checks have been changed. Since the 
columns of TH] are distinct, the encoder 
Qenevates Cn die Venn] three code chick 
allows covrection of all scugle evrovs, 
The  Sawwe. (Gs; Pee! of he! entcader- aa 


aoe Qa, t3; 


For a CIS any bien g code the Symbo( erro’ 

probability Cov the encoded case cs Quen 

beg OD OA) OE w AKea ly etna 
Ai aa eve ((S™) 


so that the uncoded word evvor probability 


) 


Us 
(\ 


Pon Sie Chea iaa we ace a een 


Fov ye coded A S/O) a ace Symbol error 


ut- ry 


probability becomes (GFZ6S) with n=IsS 
Say) Chat 
Fi egied ead Gee 
Tite! 0% d_ ery probability CS 
Pec = rae Hic teae hath 
I~: ) Posts WT at othe nee of) es 


5 —t 


So Cut ions anamual yo: Computer PCA Ae 
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cs Quen Cow Se ee Peu and Pee. The 


Hahulayw vesults ‘ave 


qruen Orn te i Se 
lowing ture Pag See Nes os Followed by 
toe wequined per Covwance Cuvues. 


RSet ena ier ey Pig 
to Pee 


appraxtcmatiow 
Piel acca ther all cord evrors 
nee eh US ree Symbol ervorse and 


5G bevans oO 0 the Cov we Gir A Nar AN €. 


“eq Kigi ble Vhis approx dmat tow CS 
ese 2 aaa ost qe. . 
The APprox( matrtan ae cleawly poo’ Row 


Small 3S tw / No: 
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(Ganda) 


kkkkKKKEKE N= 


KREEKKEKEKKKEKKRREREER 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


LOLOG(STW/NO) 


0.0 

0.5000D+00 
9.1000D+01 
0.1500N+01 
0.2000N+01 
0.2500D+01 
0.3000N+01 
0.3500N+01 
0.4000N+01 
0.4500N+01 
0.5000D+01 
0.5500D+01 
0.6000N+01 
0.6500D+01 
0.7000D+01 
0.7500D+01 
0.8000D+01 
0.8500N+01 
0.9000D+01 
0.9500D+01 
0.1000D+02 
0.1050N+02 
0,1100N+02 
0.1150N+02 
0.1200N+02 
0.1250N+02 
0.1300D+02 
0.1350N+02 
0.1400N+02 
0.1450N+02 
0.1500D+02 
0.1550N+02 
0.1600D+02 
0.1650N+02 
0.1700D+02 
0.1750N+02 
0.1800N+02 
0.1850D+02 
0.1900N+02 
0.1950N+02 
0.2000D+02 


UNCODEN CASE 


OU 


0.3349N+00 
0.3258D+00 
0.3162N+00 
0.3062D+00 
0.2957D+00 
0.2848N+00 
0.2735N+00 
0.2617N+00 
0.2496D+00 
0.2370N+00 
0.2241N+00 
0.2109D+00 
0.1974D+00 
0.1837N+00 
0.1699D+00 
0.1560D+00 
0.1421D+00 
0.1283D+00 
0.11470+00 
0.1015D+00 
0.8876D-01 
0.7660D-01 
0.6515D-01 
0.5451D-01 
0.4480D-01 
0.3608D-01 
0.2841D-01 
0.2182N-01 
0.1630N-01 
0.1180P-01 
0.8246D-02 
0.5544N-02 
0.3568D-02 
0.2187N-02 
0.1269D-02 
0.6930N-03 
0.3533N-03 
0.1668D-03 
0.7226D-04 
0.2843D-04 
0.1004D-04 


ql HREEKKKKRER 


PEU 


0.9887D+00 
0.9869N+00 
0.9847N+00 
0.9821D+00 
0.9788N+00 
0.9750N+00 
0.9702N+00 
0.9645D+00 
0.9575N+00 
0.9490N+00 
0.9387D+00 
0.9262N+00 
0.9110N+00 
0.8928N+00 
0.8710N+00 
0.8451N+00 
0.8147N+00 
0.7791N+00 
0.7383N+00 
0.6919D+00 
0.6403D+00 
0.5838N+00 
0.5234ND+00 
0.4602N+00 
0.3960D+00 
0.3325D+00 
0.2717D+00 
0.2155N+00 
0.1653N+00 
0.1224N+00 
0.8706N-01 
0.5932N-01 
0.3856N-01 
0.2380D0-01 
0.1387D-01 
0.7596D-02 
0.3879N-02 
0.1833N-02 
0.7946N-03 
0.3127D-03 
0.11040-03 


KREKEKEKKEKEEKREEERERKEEKEKEKEKEEKEKEKEKEEKRREKEKREKEKRKKEKRKEKEKRKEERE 


KREKKKKRKKRKKRKKERKKEEKE 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


Conant) 


kRkeekKKKRKKEK N= 


RREKKKKKKKKKEKEKKEKEEKEE 


eee ee ee 


t+ eee eee A HEA HH HAHAHAHAHA HRAHH HAHAH HF HF HHA HF F FHF H+ HF HF KH OF 


LOLOG(STW/NO) 


0.0 

0.5000N+00 
0.1000N+01 
0.1500D+01 
0.2000N+01 
0.2500D+01 
0.3000N+01 
0.3500D+01 
0.4000N+01 
0.4500N+01 
0.5000N+01 
0.5500N+01 
0.6000N+01 
9.6500N+01 
0.7000D+01 
0.7500N+01 
0.8000N+01 
0.8500N+01 
0.9000N+01 
0.9500N+01 
0.1000D+02 
0.1050N+02 
0.1100N+02 
0.11500+02 
0.1200D+02 
0.1250N+02 
0.13000+02 
0.1350N+02 
0.1400D+02 
0.1450N+02 
0.1500N+02 
0.1550D+02 
0.1600D+02 
0.1650N+02 
0.1700N+02 
0.17500+02 
0.1800N+02 
0.1850N+02 
0.1900N+02 
0.1950D+02 
0.2000N+02 


CODEN CASE 


QC 


0.3575D+00 
0.3495D+00 
0.3410D+00 
0.3322N+00 
0.3229N+00 
0.3132D+00 
0,3030N+00 
0.2924N+00 
0.2814N+00 
0.2699D+00 
0.2581N+00 
0.2458N+00 
0,.23310+00 
0,2201N+00 
0.2068N+00 
0.1933N+00 
0027 9SN+00 
0.1656N+00 
0.1517N+00 
0.1378D+00 
0.1241N+00 
0.1106N+00 
O97 56D=01 
0.8498N-01 
0.7 502D-01 
0.6180N-01 
O.5144N-01 
0.4202D-01 
O23 56.2D=01 
0.2628N-01 
0.2002N-N1 
0.1481D-01 
0.1061N-01 
0.7. 395D202 
0.4868DN-02 
0.3089N-02 
0.1863N-02 
0.106 20<02 
0.5.6520-405 
0. 285.2N-03 
0.1304D-03 
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1 REKKKKKEKE 


PEG 
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RKRKKKEEEE N= 15 K= 7 E= 2 KkKKKKKRKREK 


REKRKKEKKKKKEKKEKEEK UNCONEN CASE KRKEKKKKRKKRKKREKKKEKEE 


* * 
* * 
* l0LOG(STW/NO) QU PEU el 
* * 
* 0.0 0.2965N+00 0.9147D+00 * 
* 0.5000D+00 0.2856D+00 0.9051D+00 * 
* 0.1000D+01 0.2743N+00 0.8940D+00 * 
* 0.1500D+01 0.2626D+00 0.8815D+00 * 
* 0.2000D+01 0.2505D+00 0.8671D+00 * 
* 0.2500D+01 0.2380N+00 0.8508D+00 * 
* 0.3000D+01 0.22510+00 0.8323N+00 * 
* 0.3500D+01 0.2119D+00 0.8112D+00 * 
* 0.4000N+01 0.1985)N+00 0.7874D+00 * 
* 0.4500N+01 0.1848N+00 0.7607D+00 * 
* 0.5000D+01 0.1709D+00 0.7307P+00 * 
* 0.5500D+01 0.1570D+00 0.6975D+00 * 
* 0.6000D+01 0.1431N+00 0.6607D+00 * 
* 0.6500D+01 0.1293N+00 0.6206D+00 * 
* 0.7000N+01 0.1157N+00 0.5772N+00 * 
* 0.7500D+01 0.1025D+00 0.5308N+00 * 
* 0.8000N+01 0.8969N-01 0.4820N+00 * 
* 9.8500N+01 0.7748D-01 0.4314D+00 * 
* 0.9000N+01 O/6597D-01 0.3798N+00 * 
* 0.9500N+01 0.55 270-02 0.3283D+00 * 
* 0.1000D+02 O.4548N-01 0.2781N+00 * 
* 0.1050N+02 0.3669D-01 0.2302N+00 * 
* 0.1100N+02 0.2894N-01 0.1858N+00 * 
* 0.1150N+02 1 an PAY A | 0.1459D+00 * 
* 0.1200N+02 0.1667D-01 0.1110D0+00 * 
* 0.1250D+02 0.22 00-01 0.8166ND-01 * 
* 0.1300D+02 0.8479N-02 0.5786D-01 * 
* 0.1350N+02 0.5718D-02 0.3934D-01 * 
* 0.1400N+02 0.3693N-02 0. 2556D0-01 * 
* 0.1450D+02 O22 e002 0.1580D-01 * 
* 0.1500N+02 0.1324D-02 02925 35D=02 * 
* 0.1550D+02 0.72640D-03 0.5074D-02 * 
* 0.1600N+02 0 23D -=05 0.2603D-02 * 
* 0.1650D+02 0.1768D-03 OLL257 D082 * 
* 0.1700N+02 0.7712D-04 0.5397D-03 * 
* 0.1750N+02 0.3057D-04 0.2140N-03 * 
* 0.1800D+02 0.1089N-04 0.7621D-04 * 
* 0.1850D+02 07 2459D-05 0.2407N-04 * 
* 0,1900N+02 0.9493D-06 0.6645N-05 * 
* 0.1950N+02 0.2253D-06 OLS 770= 55 * 
* 0.2000N+02 0.4515D-07 0.3161N-06 * 
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10LOG(STW/NO) 


0.0 

0.5000D+00 
0.1000N+01 
0.15000+01 
0.20000+01 
0.2500D+01 
0.3000N+01 
0.3500N+01 
0.4000D+01 
0.4500D+01 
0.5000D+01 
0.5500N+01 
0.6000D+01 
0.6500D+01 
0.7000N+01 
0.7500D+01 
0.8000N+01 
0.8500N+01 
0.9000D+01 
0.9500D+01 
0.1000D+02 
0.1050N+02 
0.1100N+02 
0.1150D+02 
0.1200D+02 
0.1250N+02 
0.1300D+02 
0.1350N+02 
0.1400N+02 
0.1450N+02 
0.1500D+02 
0.1550N+02 
0.1600N+02 
0.1650D+02 
0.1700D+02 
0.1750N+02 
0.1800D+02 
0.1850N+02 
0.1900N+02 


0.1950DF02"- 


0.2000N+02 


COMED CASE 


NC 


0.3575D+00 
0.3495N+00 
0.3410N+00 
0.3322N+00 
0.3229N+00 
0.3132N+00 
0.3030N+00 
0.2924N+00 
0.2814N+00 
0.2699N+00 
0.2581N+00 


0.2458D+00 


0.2331N+00 
0.2201N+00 
0.2068D+00 
0.1933N+00 
0.1795N+00 
0.1656N+00 
0.1517D+00 
0.1378N+00 
0.1241N+00 
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O17 302N=01 
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0.5144N-01 
0.4202D-01 
0.3362N-01 
0.2628D-01 
0.2002N-01 
0,1481N-01 
0.1061N-01 
Ons 5550-02 
0.4868N-02 
0.3089D-02 
0.1863N-02 
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0.5024N-04 


0.,1304N-04 


0.2893D-05 
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THE CALCULATION OF UNCODED AND CODED 
WORD ERROR PROBABILITIES 


THE CALCULATION OF UNCODED AND CODED WORD 
WORD ERROR PROBABILITIES 


The purpose of this section is to illustrate the cal- 
culation of coded and uncoded word error probabilities for 
block coded systems. An efficient FORTRAN IV computer 
program is included which can be used to solve problems 
9.30 and 9.34 and accurately construct performance charac-— 
teristics, such as Figure 9.14, for any desired range of 
Signal-to-noise ratios. 

Theory 
The word error probability for an uncoded system is 


given by (9.49) as 


ck | q k 
ee 1 (1 q,) pa) 
where 
rl oy 
ch ieaby he Se KN, [2] 


is the uncoded symbol error probability. In the above 


expressions 
S = received signal power (watts) 
T = word duration (sec) 
k = information symbols per word 


No = single-sided noise power spectral density 
Equation [1] is the probability of one or more symbol 


errors per word. Thus it can be written 


k 
il -) 
eu 

i=l 


This is the form which will be used for computation. 


k i kd 
| ote es cay) [3] 


The word error probability for the coded system is 


given by (9.50) as nae 
n ut n=1 
Bias = (3) q, CU) [4] 
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where 


1Q 
I 
N| 


1 erfe / Shy [5] 
nN 
fe) 


is the symbol error probability for the coded system. In 


equations [4] and [5] 


e number of correctable errors per codeword 


n total number of symbols per codeword 


and all other parameters are as defined previously. 


The Computer Program , 


The program computes the uncoded and coded word error 
probabilities, [3] and [4], respectively, as a function of 
ST NS: There are seven input parameters 


N = number of symbols per codeword 

K = number of information symbols per codeword 

NEC = number of correctable errors per codeword = e 
in [4] 


RHO = This parameter is R in Equation (7.42), page 


12 
315. This parameter is set equal to O for FSK 
and ASK systems and -l for PRK systems. 


The lower limit of st /N, in decibels 


oO 
wo 
ce 
a 

Il 


w) 
w 
(= 
i 

II 


The upper limit of ST /N, in 


decibels 


DBINC = Incremental value of st /N, in 
decibels 


The main program simply consists of seven statements 
specifying these seven values followed by 
CALL PERROR(N,K,NEC,RHO,DBLL,DBUL,DBINC) 
The program runs until the specified upper LIMLteGot ST. /N, 
is reached or until a calculated error probability of 
-69 


10 is reached. 


The program is given on the following five pages. 
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(1T180V)431dG=11dd 
OdU°OT=N3L 

0U0°?=OML 

‘000° T=4NO 
(Z-O°H-G)8*1V4Y LIDI Idi 


a 

>>>>> NOISIT0SYd JIGNOG OL SYSLAWVYVd TIV LYSANOOD <<<K<K 4 

4, 

BERR RRR BERR HERR HEE ERE REE REE ERE ERE ER RE HE EBERLE EEERLERREERBEERKB HEBD 
RRKRRREREKRREHRKER RHE KKK KE NOILVZITIVILINI RHRRKRKE RRR BERK RRRKRKRE RE HRHRED 
BRRRERRRERERRKKRHERHE KEK ERE EERE RE RRR ERR EERE RE REE EKER EERE RBREREERERBRREHSEHZI 
a 

(T’T-"092°807)L4Suud 11V9 

a 

KERR EKER RRR REE HERE REE EERE REE ER EEE RE RE ERE EEE KERR EERE ERE EEEERED 
* #0 
* WNOVESOVUL UNV JOYVSS3W YOUYNS MOTSYSGNA AO *9 
* ONILNIYd SSduddNS OL JNILNOWENS Wal - (T’°T-%097°807)L4¥Suua TIVO *9 
* ¥*9o 
BEEBE REREKRE RH RERRKE REED BEEREBEREEEKR EER ERE RE KEREKE REE KERB KBEHKERREBHESED 
* ¥*9 
* (ON/MLS) JO dd NI SNIVA IWLNSWSYONT - ONIGUV *9 
* (ON/MLS) 3JO dO NI LIWIT YsddN - TWNYddV *O 
nn (ON/MLS) 3O dO NI LIWIT YSMOT - TISUV *9 
* (ZJH°L NOILVNOS JONSUSSRU) CTY - OHUV #90 
* GYOMSUO0 Ysd SYOUNRS AIAVLOSYYOO JO YSYWAN - JAN *2 
* STOEUWAS NOILVWYOIN! JO YSEWAN - » *Q 
* GYOMSUGO00 Usd STOPWAS JO YSEWAN - N *O 
* *9 
HHER RE EERA HERR EERE KERR ERE AKKRKE KERR LRA KEKE RER KEE KKH KER RH ERR KE BRRRKE ERD 
BRE RRKKERKRKKKKKERHRKE SNOILINISSG YSLSWVYVd LNdNI RRKREKEREKRRKKEKHEKRHHKHHRKD 
KERR ERE RRR EKER KERR ERE RE RER ERK HERR ELE EEBREREREREREK EE LERERHEREREKHEBREKRERED 
& 


CONIdUV ? TNYGV“ T1d dV’ OHYV’OSN“N “NJ YOUNTd ANILNOUSNS 
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S UL OY(69-dO°T*LI*fu)d) 
((Z) LYUSU) 94ddU*(0US"°0)=NU 


) 
2>>>> NU ALNdWOD <<<K<< ) 
9) 
€Z*TZ=Z 
(N3L/d0)**N3L=2Z 
J 
>>>>> AIWIS Gd WOYS (ON/MLS) JLNdWOO <<<<< 0) 
: ) 
0U0°0=Ndd 
JNIdd+dd=dd 
1°T=TP 4 Od 
) 


BREE EMER EEE ERE E ERE RHR ERE E MERE RHEE RARER EERE EE EERE RR EERE MERE EKER E RED 
eeeeeeeeER OSANIVA GSYISSG YOd Ndd UNV NU LNIdd UNV JLNdWOO HREM RHE HE HS 
hhh hhh hhh eT eT SST eT ES ST TT TS of 
4) 

T-y=W 

( (A) LVOTSU*OMNL) /(OHY-3NO)=TZ 

JNIGd-119dd=9d 

(TOT°9) 5LtYM 

O3N*A“NCOOT“9)SLIUM 
+) 
BRR RRR RRR EEE EEE ARR EEE EEE EN REAR HERR EER EEE EERE REE ERE ES) 
teat RRR KERR RHE SYFILIWNVYVd ASV UGSGOONN SZIIVILINI #444 eee een ee een end 
BEEP EERE EERE ERE REE EERE HEME ERE H EERE REE R EKER ERE RE ERE RHEE BER E HD 
a) 

(b66°T+(ONISUV/( TIdUV-I1NgddV)))XIsdl=7 


9) 
>>>>> SWNOILVUSLI 4O YSdWAN JLiNdWOd <<<<< ) 
9) 


(OHYV) 5 1dU=O0HY 
CONIGUV)STEYU=ONI dG 
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1’t=tr 6 00 
2) 
RRRR ERK KK KKK KEKE BERK KERR E RRR RE REE KK EE LARK EERE EEE REHRRABREH SD) 
exeexeneeex SIUVIVA UddISSGC dOd Idd UNV OO LNIUd UNV SLAdWOD #4 e ee ee eed 
REEL RKKRKR BKK R RAK HBR HERA BHKE EK KREG BEEBE EERE REE E HERR REL KEE ELE ERERHHD 
9 
T-N=WN 
T+035N=TOSN 
((N)LVOTSU*#0ML)/(COHd-4NO)=TZ 
ON IGd-11dd=9U0 
(ZOT“9) SLIM 
OSN“N“NCOOT 9) SLIUM 
i) 
HR KKK KKH EEK ERE RR EBB HERE RE RE R ERE REE REBEL ELE LEK ERE KLE LEK ER BEER KBE LED 
RHRRRKKRKKLRRHHERK HEH SYS LYWVYVd 3SV9 JSU0N SZIIVILINI REKKKRKKERKKKKKBHHKO 
PE eee ee ee ee ee eee ee ee eee ee ee ee eee ee ee ee ee ee ee eee ee ek ee te Fe 
9 
(HOT “°9) SLIM S 
JNNILNOOD 4 
§ OL 09(69-d0°T° LI N3d)AdI 
Odd “Nv “duC SOT “9)SLIUM 
(**N0)+N5d=Ndd ¢ 
JNWILNOD 2 
d+N4dd=Ndd 
d#nd0*( (EP )LVOTSG/ (20 +1) LVOT1d0)=d T 
3 Txy’T=<f T Od 
(( CTX) LVO1SU/ (1) LVO TSU) #*N0) * (NU-3NO) =Ndv 
ANU=d 
1-y=T 
WA’T=I 2 OU 
¢ OL OD(T°0S°A)SI 


>>>>> ildd S3LNdWOO <<<<< 


Coc 
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) 


RRR EER RE EE BERR RE ERE EERE EERE EERE EERE REE REE EERE REE ERE ER ER REE RH HD 


HERERRERRBRRE RHEE EREREEKHE SINAWALVLS LVWYUOS #4 RR ERR HEHEHE EER HEH HEH HD 
BREE RR KERR EER BEER EERE EKER ERR ERE EERE REE RE EHR ERE RRR MERE ER EERE ERE EHD 
se) 
(HOT“S)ALIYM OT 
ANNILNOD 6 
OT OL 09(69-d0°T°11°04d)4) 
Jdd “90 SUC 0T 9) LIU 
(N¥*0U)+04d=04d 8 
ANNITLNOOD Z 
d+0J4dd=Jdd 
d*Jd0*( (EP )LVOTIG/ (Ef +1)LVOTId)=d 9 
IN’T=£f 9 OG 
((CIN)LVOT1S0/ (1) LVO14S0) * #90) *(90-4NO) =9d0 
JNO=d 
I-N=TN 
WN“TOSN=I 2 Od 
8 OL OD(T*UF"N)SI 


YI > “Odd SALI WOD = “<< 0 


coo 


OT UL OY(69-d0*T*LI*90)41 
((Z)LYUSG) 0dudd0*# (005 °0)=90 


2202) JU aan Son OS 


CoO oO 


€Z*TZ=Z 
(NSL/dU)**NGL=2Z 


>>>>> JAIVOS dd WOYUS (ON/MLS) JLNdWOD <<<<< 


oOo oO 


0U0°0=Udd 
JNIdU+dd=9dd 
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UNA 

NdnLdd 
( FREER R EERE EERE RHEE EHR EERE RE EER REE REE ER EERE SK 1) LVWdOsd HOT 
Cama XH H TLO "XS “N° TTO"XS “HTT, ,* 4JLVWaOs £0T 

Ca*s X0S° ,* 4 / i*¥, X8 , Jade 

a’ XET% (90, °X6%, (ON/MLS)DUTOT * fe Ue OS eee ee OSs il 
OO] RRR ERE REE EEE EE EE EE ASVO UJU0D  #¥¥ ee KKK KKH KR HEH HHH HR - |, )IVINYOS ZOT 

Cita KOS. ys iol aera ee hiaae 

pS bi O ee XkO oe CONEMLS 0 Oe! eka of hep VS ROG one oe par dan haa X OSes ig 
LLPR eee COMBE RE EEE JSVO JAGOOND *¥¥eeeeeeveeveeeee -,)LVNYOI TOT 
(,eeeeeeevee I Hd XS HI Ha, CXS TI EN eee ee eee EH T, ) LVWYOd OOT 
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An Example 

As an example of the program, the performance of a 
(7,4) single error correcting Hamming code will be inves- 
tigated. We shall assume phase reversal keying (PRK). 
Note that this gives Example 9.12. For this case the 
main program is 

DBLL 0.0 

DBUL 20.0 


DBINC = 0.5 
RHO sla 


oil 


NEC 
CALL PERROR(N,K,NEC,RHO,DBLL,DBUL,DBINC) 


The computer output is given on the following two pages. 
This is followed by the performance curves for ST /No 
between 6 and 16 dB. Also given is the approximation to 


the coded word error probability. 


2 
ST 
= 2a Ww 
ape = 21 ce 7 erfc ON 
fe) 
which is (9.56). It can be seen that the approximation 


is valid for values of ST /N, greater than 11 dB. 


kkeKREKERE N= 


KREAKKEKERERKERERKREK 


+eenee ete e+e tee te Ft tHe HHH FH HH HE HF HEHEHE He HHH ESE HE HH HF HF HF HF HF 


1OLOG(STW/NO) 


0.0 

0.5000D+00 
0.1000D+01 
9.1500D+01 
0.2000N+01 
0.2500N+01 
0.3000D+01 
0.3500D+01 
0.4000D+01 
0.4500D+01 
0.5000D+01 
0.5500D+01 
0.6000ND+01 
0.6500D+01 
0.7000N+01 
0.7500D+01 
0.8000D+01 
0.8500N+01 
0.9000D+01 
0.9500D+01 
0.1000N+02 
0.1050N+02 
0.1100N+02 
0.1150D+02 
0.1200N+02 
0.1250N+02 
0.1300D+02 
0..23550D402 
0.1400N+02 
0,.1450D+02 
0.1500N+02 
054.550N7,02 
0.1600N+02 
0.1650N+02 
0.1700D+02 
0.1750N+02 
0.1800D+02 
0.1850D+02 
0.1900D+02 
0.1950N+02 
0.2000N+02 


UNCODED CASE 


QU 


0.2398N+00 
0.2269N+00 
0.2138N+00 
0.2003N+00 
0.1867N+00 
0.1729D+00 
0.1589N+00 
0.1450N+00 
0.1312N+00 
0.1176N+900 
0.1043D+00 
0.9144N-01 
0.7914D-01 
0.67530N-01 
0.5671D-01 
0.4679N-01 
0.3785N-01 
0.2996D-01 
0.2314D-01 
0.1739D-01 
0.1267)N-01 
0.8929N-02 
0.6055N-02 
0.3935N-02 
0.2439D-02 
0.1433N-02 
0.7928N-03 
ORO Lp = 05 
0.19710N-03 
0.8705N-04 
0.3499D-04 
0.12660-04 
0.4069D-05 
0.1145N-05 
0.2780D-06 
0.5710N-07 
0.97290N-08 
0.13440N-08 
0.1468D-09 
OF 2520-10 
0.7687N-12 


LR RKKKKERKE 


PEU 


0.6659D+00 
0.6428N+00 
0..6179D+00 
0.5911N+00 
0.5624N+00 
0.5319N+00 
0.4996N+00 
0.4657N+00 
0.4303N+00 
0.3937D+00 
0.3563N+00 
0.3186D+00 
0.2809N+00 
0.2440D+00 
0.2083N+00 
0.1744D+00 
0.1430D+00 
0.1146D+00 
P2295 80-02 
OL 67.7 5 i\= 01. 
0.4974D-01 
Crop 2e na 01 
0.2400N-01 
O51565D-07 
0.9719D-02 
Dao oe 
0.3168D-02 
O.L6b1D=02 
0.7882N-03 
0.3481N-03 
0.1400N-03 
0.5063N-04 
0.1627D-04 
0.4582D-05 
OL 20505 
0.2284N-06 
0.3892D-07 
NASW A gO 
0.5873D-09 
Oe 927h=10 
0.3075D-11 


KREAEKKKKKKRKKRKRKEKKEER 


+t £ + Ft HF FF HF FF FH HF HF HF HF HF HF HH +H HF HF FHF HHH HF HE HHH HHH HHH HE HHH HK F 


HK KKK KKK KEKE KEKE KHER KEEEERE EERE KEKEEEKREREEEKEEEEEEEE 


409 


410 


REKKKKKKKEE N= 


RRKKKKKEKKEKKKEKREKEEEE 


1OLOG(STW/NO) 


0.0 

0.5000N+00 
0.1000D+01 
9.1500D+01 
0.2000D+01 
0.2500D+01 
0.3000D+01 
0.3500D+01 
0.40000+01 
0.4500D+01 
0.5000D+01 
0.5500D+01 
0,.6000N+01 
9.6500D+01 
0.7000D+01 
0.7500D+01 
0.8000D+01 
0.8500D+01 
0.9000D+01 
0.9500D+01 
0,1000D+02 
0.1050N+02 
0.1100D+02 
0.11500+02 
0.1200N+02 
0.1250N+02 
0.1300D+02 
0.1350D+02 
0.1400N+02 
0.1450N+02 
0.1500D+02 
0.1550N+02 
0.1600N+02 
0.1650N+02 
0.1700N+02 
0.1750N+02 
0.1800N+02 
0.18500+02 
9.1900P+02 
9,.1950N+02 
0.2000D+02 


CODED CASE 


QC 


0.2965D+00 
0.2856N+00 
0.2743N+00 
0.2626N+00 
1.2505N+00 
0.2380N+00 
0.2251D0+00 
0,2119N+00 
0.1985N+00 
0.1848N+00 
0.1709D+00 
0.1570N+00 
0.14310+00 
0.1293N+00 
0.1157D+00 
0.1025N+00 
0.8969D-01 
0.7748D-01 
0.6597D-01 
0, oo 2D ~ 01 
0.45480N-01 
0.3669N-01 
0.2894D-01 
0.2227D-01 
OH. L65 70-01 
0.1210P-01 
0.8479D-02 
0757 180-02 
0.3693N-02 
0.2272N-02 
0.1324N-02 
9.7264D-03 
0.3723N-03 
0.1768N-03 
0.7712N-04 
0.3057N-04 
0.1089N-04 
0.3439N-05 
0.9493N-08 
0.2253D-06 
GS 505n=07 


1 RKEKKEKEKE 


PEC 


0.6631D+00 
0.6393N+00 
0.6136D+00 
0.58600N+00 
0.5563D+00 
0.5247N+00 
0.4911D+00 
0.4558D+00 
0.4190N+00 
1.3810N+00 
0.3422N+00 
0.3030N+00 
0,2642D+00 
).2262N+00 
0.1899N+00 
0.1559D+00 
0.1248N+00 
0.9707N-01 
0..7318D-01 
0.5327D-01 
0.3729D-01 
0.25000-01 
0.1597D-01 
0.9669D-02 
0.5519N-02 
0.2951D-02 
0.1468D-02 
0.6736D-03 
0.2828D-03 
0.1076D-03 
0.3666N-04 
0.1105N-04 
0.2907D-05 
0.6563D-06 
0.1249D-06 
0.1963N-07 
0.2489D-08 
0.2483N-09 
0.1892N-10 
0.1066N-11 
0.4281N-13 


KEKE KKK KEK EEK EER EERE KK KEKE K EE KEK KRREK KEK K KKK KKK 


REKKKKEKREKEKKEKRKREKER 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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* 
* 
* 
* 
* 
* 
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* 
* 
* 
* 
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Word Error: Probability 


41] 


"4 do 

1072 

P 

ec 

qy 
107° 
pie 

S 8 10 12 14 


ST 
10 log, <— 
; (@) 


Performance Curves for a (7,4) Hamming Code 


